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METHOD OF A RRANGING MllcRQ SPHERES WI.TH LIQUID. MICRO SPHERE 
ARRANGI NG DEVtcE, AND SEMICONDUCTOR DEVICE 

Jrechnical Field 

5 This invention i relates to the arrangement of a 

microsphere such as a sjolder bump in a bump electrode forming 
process for BGA (ball gcid array) / CSP (chip size package) and 
flip-chip bonding etc.; and relates particularly to a method 
of arranging microspheres with liquid, a microsphere arranging 
10 apparatus and a semicohductor device. 

i 
I 

{Background Art. 
Japanese patent! application laid-open No. 5-129374 
discloses a method of making an electrode bump that a 
15 microsphere such as a spider ball is mounted on a bump forming 
member such as a semicorjductor chip (semiconductor device) and 
a circuit board, and tAen the microsphere is fused. In this 
method^ microspheres aibe adsorbed to holes that are provided 
in the same arrangement |as that of the bump forming member such 

20 as a semiconductor chip! and a circuit board, and then they are 

i 

transferred onto the semiconductor chip or circuit board. 

In details, an ^dsorption head is provided that has 
adsorption holes for midrosphere in the same arrangement as that 
of the bump forming member such as a semiconductor chip and a 
25 circuit board, the adsoij-ption head is moved to the bump forming 

member such as a semiconductor chip and a circuit board while 

i 

keeping the microsphereis adsorbed to the adsorption holes, and 
then, by releasing tjie adsorption of microspheres, the 

i 

microspheres are transferred to the bump forming member such 
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I 

I 

as a semiconductor chip and a circuit board. 

In this case, it i's necessary to adsorb in just proportion 
I 

the microsphere to th^ adsorption head. However^ since the 
microspheres are laid! at random, it is difficult to surely 
5 adsorb them at predetermined positions when the microspheres 
are adsorbed by vaduuming. Therefore, a microsphere 
arrangement: pallet is prepared that microspheres are in advance 
disposed in the same arrangement as that of electrode bump. By 

vacuuming the microspheres on the pallet, they can be surely 

I 

10 adsorbed in just propolrtion to the adsorption head. 

i 

However, it is dijff icuit to stably arrange microspheres 
on the microsphere arrangement pallet in atmosphere. Due to 
static electricity or moisture, the microspheres may be adhered 
to each other or. adsorbed to the surface of arrangement pallet. 
IS Japanese patent' application laid-open No. 11-8272 

discloses a method thdt an arrangement pallet is soaked in 
conductive liquid and 'then microspheres are dropped on the 
arrangement pallet, secured in respective arrangement holes, 

thereby removing the i influence of static electricity or 

1 

20 moisture. ! 

In the above inj-solution arrangement method^ where 

i 

micro-metal balls (microspheres) are arranged in conductive 
liquid, a stable arrangement operation can be conducted because 
of removing the influence of static electricity or moisture, 
25 However, since it uses jethanol with a high volatility, it is 
necessary to supplement) evaporated portion so as to stabilize 
the operation. Thus, ^ large amount of Bthanol is needed. 
Further, in transferring the arrangement pallet to the next step, 
it is difficult to take out the pallet from the conductive liquid. 

I 

i 



2004if ?B 83 moMl HIRATA&PARTNERS NO. 3547 P. 3/49 



So, it is difficult to; automate the .caking-out step- 

Japanese patent 'application laid-open No. 2001-2X0942 
discloses a method that;another closed vessel is prepared other 
than a closed vessel that the arrangement operation is conducted 
5 while soaking the arra^igement pallet, connecting the vessels 
through a flexible tube; transferring the conductive liquid and 
micro-metal balls accorUing to need between the vessels by using 
gravity difference. 

In this method, the evaporation of conductive liquid can 
10 be prevented by using -fche closed vessel, and the usability of 
employed material can ' be improved by using repeatedly the 
conductive liquid and jmicro-metal balls. Furthermore, the 
operation can be facilitated such that, after completing the 
arrangement operation oh the arrangement pallet, the conductive 
15 liquid and micro-metal balls in one closed vessel in which the 
arrangement pallet isj soaked are evacuated while being 
transferred to the otherj vessel, and then the arrangement pallet 
is taken out from the pne. closed vessel. 

Subsequently, the microspheres are secured in the 
20 arrangement holes and then adsorbed by the adsorption head of 
a vacuuming apparatus. The adsorption head has a plane with 
air holes provided therein corresponding to the arrangement 
holes.. The adsorptxon lis conducted such that the adsorption 
head is in contact with'the arrangement-holes forming surface 
25 of arrangement pallet, and then the microspheres are adsorbed 
to the air holes while vacuuming through the air holes » After 

the adsorption, the microspheres on the adsorption head are 

J 

aligned with the pad position of semiconductor wafer, and then 
by stopping the vacuuming the microspheres are dropped on the 
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pads to mount them thejre. 

However, in the conventional method of mounting the 
microspheres on the bump forming member of semiconductor device 
by using the arrangement pallet, there are some problems 
5 described below. 

Since the process needs to be conducted such that the 
microspheres are accommodated in the holes (arrangement holes) 
in Che arrangement pallet and then transferred onto the pads 
of semiconductor device, the number of steps in the bump 
10 electrode forming process must be increased. The 
manufacturing cost will be increased by that much. Further, 
the entire composition bf bump electrode forming process must 

be complxcated* 

Further, in recovering the conductive liquid and 

15 excessive microspheres to reuse them, the microsphere may be 
deformed, crushed or defaced due to hitting the corner of vessel 
or being trapped in the gap of vessel. In this case, the 
microsphere may not be accommodated in the arrangement hole or 
may not be adsorbed by the adsorption head even when 

20 accommodated. Thus, the microsphere cannot be securely 
transferred to the semiconductor device. Furthermore, 
although the conductive liquid and microspheres can be 
recovered by rilting or reversing the vessel, a small amount 
of them may be left in the vessel. Thus, they are wasted to 

25 some degree. 

Further, in adsorbing the microsphere to he adsorption 
head, the surface of adsorption head needs to be closely contact 
with the arrangement holes forming surface of the arrangement 
pallet - Therefore, the processing accuracy to flatten both the 
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surfaces is needed. Furrher, if th^ step of adsorbing the 
microsphere to the adsorption head is conducted in atmosphere, 
the neighboring microspheres attract each other, thereby 
failing to perform the suitable adsorption. As a result, the 
5 manufacturing cost in the bump electrode forming process must 
be iacreased- 

Still further, in order to enhance the operating 
efficiency, a process oC accommodating microspheres in another 
arrangement pallet needs to be conducted during the adsorption. 

10 Therefore, multiple arrangement pallets are needed and the 
operating cost must be increased by that much* 

The invention is devised in view of the above problems, 
and it is intended to provide a method of arranging a microsphere 
by means of liquid, microsphere arranging apparatus and 

15 semiconductor device that the manufacturing cost in the bump 
electrode forming process can be reduced, the entire 
composition of the process can be simplified, and the conductive 
liquid and microspheres can be recycled without being wasted, 

20 Disclosure of Invention 

(i) In order to solve the above problems, according to 
the invention, a method of arranging microspheres with Ixquid 
comprises the steps of:. 

providing a semiconductor device that includes a 
25 semiconductor wafer with a predetermined semiconductor element 
and an interconnection and with a number of pads connected zhe 
interconnection and attached on a surface of the semiconductor 
wafer, and a resist formed on the semiconductor wafer and having 
a penetrating hole formied at the respective pad positions to 

i 
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mount the microsphere; and 

pouring the microsphere into the hole together with 
conductive liquid to mount the microsphere on the pad. 

The process of pouring the microsphere into the hole of 
5 the semiconductor device together with conductive liquid may 
be conducted in the air. 

The process of pouring the microsphere into the hole of 
the semiconductor device, together with conductive liquid may 
be conducted in the liquid. 
10 The semiconductor device may be kept horizontal when 

pouring the microsphere into the hole of the semiconductor 
device together with conductive liquid* 

The seraiconductop device may be kept inclined when 
pouring the microsphere into the hole of the semiconductor 
15 device togerher with conductive liquid. 

The microsphere may be transported together with he 
conductive liquid . 

(ii). Further, according to the invention, a method of 
arranging microspheres i with liquid comprises the steps of: 
20 providing a semiconductor device that includes a 

semiconductor wafer with a predetermined semiconductor element 
and an interconnection and with a number of pads connected the 
inteirconnection and attached on a surface of the semiconductor 
wafer, and a mask witih a penetrating hole formed at the 
25 respective pad positions to mount the microsphere, the mask 
being held on the semiconductor device to allow the hole to be 
disposed on the pad; and 

pouring the microsphere into the hole together with 
conductive liquid to mount the microsphere on the pad. 
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The process of pouring the microsphere into the hole of 
the mask together with ^conductive liquid may be conducted in 
the air. 

The process of pouring the microsphere into the hole of 
5 the mask together with conductive liquid may be conducted in 
the liquid. 

The semiconductor device may be kept horizontal when 
pouring the microsphere' into the hole of the mask together with 

conductive liquid. I 
10 The semiconductor device may be kept inclined when 

pouring the microsphere into the hole of the mask together with 
conductive liquid. 

The microsphere may be transported together with -he 

conductive liquid. 
15 (iii) Further, according to the invention, a microsphere 

arranging apparatus comprises: 

a mounting means for mounting a semiconductor device that 
includes a semiconductor wafer with a predetermined 
semiconductor element and an interconnection and with a number 
20 of pads connected the interconnection and attached on a surface 
of the semiconductor ^wafer, and a resist formed on the 
semiconductor wafer and:having a penetrating hole formed at the 
respective pad positions to mount the microsphere; 

a storing means for storing conductive liquid containing 
25 a number of microspheres and for supplying the microsphere 
together with the stored conductive liquid to the semiconductor 
device mounted on the mounting means; and 

a retaining mean? for retaining the conductive liquid 
containing the microsphere supplied from the storing means to. 
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the semiconducror device. 

(iv) Further, according to the invention, a microsphere 
arranging apparatus comprises: 

a mounting means fpr mounting a semiconductor device that 
5* includes a semiconductor wafer with a predetermined 
semiconductor element and an interconnection and with a number 
of pads connected the interconnection and attached on a surface 
of the semiconductor .wafer, and a resist formed on the 
semiconductor wafer and 'having a penetrating hole formed at the 
10 respective pad positions to mount the microsphere; 

a storing means for storing conductive liquid containing 
a number of microspheres and for supplying the microsphere 
together with the stored conductive liquid to the semiconductor 
device mounted on the Counting means; 
15 a retaining means for retaining the conductive liquid 

containing the microsphere supplied from the storing means to 
the semiconductor device; 

a tube that connejcts between the storing means and the 

retaining means; and 
20 a pump means that, is built in the tube to transport the 

^conductive liquid containing the microsphere being retained in 
the retainxng means to " the storing means. 

(V) Further, according to the invention, a microsphere 
arranging apparatus comprises: 
25 a mounting means for mounting a semiconductor device that 

includes a semiconduictor wafer with a predetermined 
semiconductor element and an interconnection and with a number 
of pads connected the interconnection and attached on a surface 
of the semiconductor wafer, and for holding a xaask with a 
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penetrating hole formed at the respective pad positions to mount 
the microsphere so as to allow the hole to be disposed on the 
pad; I 

a storing means f olr storing conductive liquid containing 
5 a nuinber of microspheres and for supplying the microsphere 
together with the stored conductive liquid through the mask to 
the semiconductor device mounted on the mounting means; and 

a retaining means for retaining the conductive liquid 

containing the microsphere supplied from the storing means to 

i 

10 the semiconductor device. 

(vi) Further, according to the invention, a microsphere 
arranging apparatus comprises : 

a mounting means for mounting a semiconductor device that 
includes a semicondujctor wafer with a predetermined 

15 semiconductor element and an interconnection and with a number 
of pads connected the interconnection and attached on a surface 
of the semiconductor wafer, and for holding a mask with a 
penetrating hole formed at the respective pad positions to mount 
the microsphere so as to allow the hole to be disposed on the 

20 pad; \ 

a storing means fox storing conductive liquid containing 
a number of microspheres and for supplying the microsphere 
together with the stored conductive liquid through the mask to 
the semiconductor device mounted on the mounting means; 

25 a retaining means; for retaining the conductive liquid 

conTiaining the microsphere supplied from the storing means to 
the semiconductor device; 

a tube that connects between the storing means and the 
retaining means; and 
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a pump means that! is built in t^e tube to transport the 

conductive liquid containing the microsphere being retained in 

I 

the retaining means to j the storing means. 

The pump means mai^ comprise a base, a rotating means to 
5 rotate, and a plurality iof rollers that are rotatably attached 
to the circumference df the rotating means; the tube is a 
flexible tube disposed between the roller and the base; and a 
clearance between the rpller and the tube disposed is provided 
so as to have a gap that allows the microsphere contained in 
10 the conductive liquid io pass through inside the tube while 
having its original shape when the tube is pressed by the 
rotation of the roller,' 

The storing means may have a first ejection tube that 
ejects r in an arbitrar;^ direction, the microsphere together 
15 with the stored conducllive liquid- 

The storing means! may have a second ejection tube that 
ejects, in an arbitrary direction, the microsphere together 
with the stored conductive liquid. 

A moving means may be provided that allows the mounting 
20 means to move into the j retaining means. 

An oscillating qieans may be provided that applies 
oscillation to the mounting means. 

The oscillating means may have a mechanism that applies 
horizontal oscillation to the semiconductor device. 
25 The oscillating m^ans may have a mechanism that applies 

unidirectional shock to the semiconductor device. 

(vii) Further, according to the invention, a microsphere 
arranging apparatus corfiprises! 

a mounting means f br mounting a semiconductor device that 
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includes a semiconductor wafer .with a predetermined 
semiconductor element and an interconnection and with a number 
of pads connected the interconnection and attached on a surface 
of the semiconductor wafer, and a resist formed on the 
5 semiconductor wafer and having a penetrating hole formed at the 
respective pad positions to mount the microsphere; 

a storing means for storing conductive liquid containing 
a number of microspheres and for supplying the microsphere 
together with the stored conductive liquid to the semiconductor 
10 device mounted on the mounting means; 

a retaining means| for retaining the conductive liquid 
containing the microsphere supplied from the storing means to 
the semiconductor devicie; 

a tube that connects between the storing means and the 

15 retaining means; and 

a vertical movement means' that allows the storing means 
to move to a position above or below the retaining means. 

(viii) Further, according to the invention, a microsphere 
arranging apparatus comprises: 

20 a mounting means fbr mounting a semiconductor device that 

includes a semiconductor wafer with a predetermined 
semiconductor element a|id an interconnection and with a number 
of pads connected the interconnection and attached on a surface 
of the semiconductor wafer, and for holding a mask with a 

25 penetrating hole formed at the respective pad positions to mount 
the microsphere so as tp allow the hole to be disposed on the 

pad; i 

a storing means f cjr storing conductive liquid containing 

a number of microspher'es and for supplying the microsphere 

t 
i 
1 
I 

i 
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together with the stored conductive liquid through the mask to 
the semiconductor device mounted on the mounting means; 

a retaining means for retaining the conductive liquid 
containing the microsphere supplied from the storing means to 
5 the semiconductor device; 

a tube that conne;ct5 between the storing means and the 

retaining means; and ; 

j 

a vertical movement means that allows the storing means 
to move to a position above or below the retaining means. 
10 A moving means may be provided that allows the mounting 

means to move into the | retaining means - 

An oscillating ifveans may be provided that applies 
oscillation to the mou^iting means. 

The oscillating m;eans may have a mechanism that applies 
15 horizontal oscillation! to the semiconductor device. 

The oscillating means may have a mechanism that applies 
unidirectional shock to the semiconductor device. 

The storing meani may have a first ejection tube that 

! 

ejects^ in an arbitrary direction, the microsphere together 

! 

20 with the stored conductive liquid- 

The storing means may have a second ejection tube that 
ejects, in an arbitrary direction, the microsphere together 
with the stored conductive liquid. 

An adjusting means may be provided that defines;, between 
25- the semiconductor device and the mask, a gap that prevents the 
gas or conductive Iiqui|d from being retained in the hole when 
accommodating the microisphere into the mask hole together with 
the conductive liquid. ; 

A relief groove nJay be provided, in connection with the 



i 
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hole, that releases the gas or conductive liquid so as not retain 

i 

it in the hole when accoi^odating the microsphere into the mask 
hole together with the 'conductive liquid. 

The groove may be,* without penetrating through the mask, 
5 provided on at least one of rhe mask surface on the semiconductor 
wafer side or the mask: surface on the opposite side to the 
semiconductor wafer side. 

The mask may have a thickness that allows the microsphere 
to be retained in the' hole and prevents the two or more 
10 microspheres from being entered therein. 

A minimum diameter of the hole to be generated due to a 
manufacture accuracy of ! the mask hole may be made to be greater 
than a value obtained b^ adding a gap to a maximum diameter . of 
the microsphere, and a maximum diameter of the hole may be made 
15 to prevent the two or more microspheres from being entered into 
the one hole and prevent the microsphere from being released 
from uhe pad. 

The mask hole may be formed rectangular. 

The mask hole may be formed tapered such that the 

i 

20 semiconductor wafer side is wider than the resist surface side, 
(ix) Further, according to the invention^ a semiconductor 

device comprises: 

a semiconductor wafer with a predetermined semiconductor 

element and an interconnection and with a number of pads 

I 

25 connected the interconnjection and attached on a surface of the 
semiconductor wafer; and 

a resist formed oh the semiconductor wafer and having a 
penetrating hole formed !at the respective pad positions to mount 
the microsphere, 

i 

! 

i 
I 
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wherein the resiist has a thickness that allows the 
microsphere to be retailed in the hole and prevents the two or 
more microspheres from i being entered therein. 

(x) Further, according to the invention, a semiconductor 
5 device comprises; ' 

a semiconductor wafer with a predetermined semiconductor 
element: and an interconnection and with a number of pads 
connected the interconnbction and attached on a surface of the 
semiconductor wafer; axjid 
10 a resist formed on the semiconductor wafer and having a 

penetrating hole formed at the respective pad positions to mount 
the microsphere,- 

wherein a minimum diameter of the hole to be generated 
due to a manufacture acduracy of the hole is made to be greater 
15 than a value obtained by adding a gap to a maximum diameter of 
the microsphere, and a maximum diameter of the hole is made to 
prevent the two or more? microspheres from being entered into 
the one hole and prevent the microsphere from being released 
from the pad. j 
20 (xi) Further, according to the invention, a semiconductor 

device comprises: • 

a semiconductor wafer with a predetermined semiconductor 
element and an interconnection and with a number of pads 
connected the interconniection and attached on a surface of the 
25 semiconductor wafer; and 

a resist; formed oh the semiconductor wafer and having a 

I 

penetrating hole formed iat the respective pad positions to mount 
the microsphere, ! 

wherein the resist has a thickness that allows the 

i 

i 

I 
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microsphere to be retained in the hole and prevents the two or 
more microspheres from being entered therein, a minimum 
diameter of the hole tjo be generated due to a manufacture 
accuracy of the hole is made to be greater than a value obtained 
S by adding a gap to a maa^imum diameter of the microsphere, and 
. a maximum diameter of tihe hole is made to prevent the two or 
more microspheres f romj being entered into the one hole and 
prevent the microsphere from being released from the pad. 

Pi relief groove may be provided, in connection with the 
10 hole, that releases the <^as or conductive liquid so as not retain 
it in the hole when accommodating the microsphere into the mask 
hole together with the ; conductive liquid, 

(xii) Further, according to the invention, a 
semiconductor device comprises: 

15 a semiconductor wafer with a predetermined semiconductor 

i 

element and an interconnection and with a number of pads 

connected the interconnjection and attached on a surface of the 

I 

semiconductor wafer; and 

a resist: formed on the semiconductor wafer and having a 
20 penetrating hole formed the respective pad positions to mount 
the microsphere, j 

wherein the resist has a thickness that allows a plurality 
of the microspheres to = be accommodated in the hole. 

(xiii) Further, according to the invention, a 
25 semiconductor device comprises: 

a semiconductor wafer with a predetermined semiconductor 
element and an interconnection and with a number of pads 
connected the interconnisction and attached on a surface of the 

semiconductor wafer; and 

I 

i 

: 
I 
I 
I 

I 
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I 

I 

a resist formed on the semiconductor wafer and having a 
penetrating hola formed At the respective pad positions to mourn; 

i 

the microsphere, • 

wherein the hole! is formed tapered such that the 
5 semiconductor wafer sid^ is wider than the resist surface side, 

i 

(xiv) Further, j according to the invention, a 
semiconductor device comprises: 

a semiconductor wa!f er with a pad formed in a predetermined 
pattern on its surface;; 
10 a resist formed oi> the semiconductor wafer and having a 

hole formed in the predetermined pattern at a corresponding 

1 

position to the pad; arid 

a microsphere accjommodated in the hole, 
wherein the hole is provided with a relief means to release 
15 a conductive liquid and 'a gas left in the hole outside the hole 
when the microsphere isjsupplied together with the conductive 
liquid. 

The resist hole may be formed rectangular. 

(XV) Further, according to the invention, a method of 
20 arranging microspheres with liquid comprises the steps of: 

providing a sera.iconductor device that includes a 
semiconductor wafer with a predetermined semiconductor element 
and an interconnection And with a number of pads connected the 
interconnection and attached on a surface of the semiconductor 
25 wafer, and a resist formed on the semiconductor wafer and having 
a penetrating hole formed at the respective pad positions to 
mount the microsphere; : and 

pouring the micrjosphere into the hole together with 
conductive liquid while rotating the semiconductor device to 

i 
1 
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i 

mount the microsphere on the pad. 

The semiconductoir device may be kept xncixned and the 
microsphere may be pour|ed together with conductive liquid to 
the upper portion of the feemiconductor wafer being kept inclined 
5 and rotated. 

lYxQ semiconductor device may be kept horizontal and the 

microsphere may be pourjed together with conductive liquid to 

the center portion of i the semiconductor wafer being kept 

I 

horizontal and rotated! 
10 The process of potiring the microsphere into the hole of 

the semiconductor device together with conductive liquid may 

be conducted in the air- 

The process of pouring the microsphere into the hole. of 

the semiconductor devide together with conductive liquid may 
15 be conducted in the liquid. 

The microsphere may be transported together with he 

conductive liquid. 

(xvi) Further, according to the invention, a method of 

arranging microspheres . with liquid comprises the steps oft 
20 providing a senjiconductor device that includes a 

semiconductor wafer witii a predetermined semiconductor element 

and an interconnection and with a number of pads connected the 

interconnection and attached on a surface of the semiconductor 

wafer, and a resist formed on the semiconductor wafer and having 
25 a penetrating hole formed at the respective pad positions to 

mount the microsphere; ; 

I 

disposing the sei^iconductor device ro be inclined; and 
pouring the microsphere into the hole together with 
conductive liquid while oscillating an ejection means for 

i 

I 
i 

I 
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ejecting the microspherjs together with the conductive liquid 
between one end to the other end of the semiconductor device 
over the inclined semibonductor device so as to mount the 
microsphere on the pad. 
5 The process of poxiring the microsphere into the hole of 

the semiconductor devicje together with conductive liquid may 
be conducted in the aii. 

The process of poihring the microsphere into the hole of 
the semiconductor devicje together with conductive liquid may 
10 be conducted in the lic|[uid. 

The microsphere may be transported together with he 
conductive liquid . 

(xvii) Further, according to the invention, a method of 

i _ 
arranging microspheres with liquid comprises the steps of: 

15 providing a semiconductor device that includes a 

semiconductor wafer witti a predetermined semiconductor element 
and an interconnection and with a number of pads connected the 
interconnection and attkched on a surface of the semiconductor 
wafer, and a mask witih a penetrating hole formed at the 

20 respective pad positioijis to mount the microsphere, the mask 
being held on the semiconductor device to allow the hole to be 
disposed on the pad; and 

pouring the micr!osphere into the hole together with 
conductive liquid whil^ rotating the semiconductor device to 

25 mount the microsphere on the pad. 

(xviii) Further, Recording to the invention, a method of 
arranging microspheres! with liquid comprises the steps of: 

providing a serjiiconductor device that includes a 
semiconductor wafer with a predetermined semiconductor element 
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j 

I 

and an interconnection ind with a number of pads connected the 
interconnection and attached on a surface of the semiconductor 
wafer, and a mask with a penetrating hole formed at the 
respective pad positioiis to mount the microsphere, the mask 
5 being held on the semiccjnductor device to allow the hole to be 
disposed on the pad; ; 

disposing the semiiconductor device to be inclined; and 
pouring the microsphere into the hole together with 
conductive liquid whil^ oscillating an ejection means for 
10 ejecting the microspherje together with the conductive liquid 
between one end to the pther end of the semiconductor device 

i 

over the inclined semijconductor device so as to mount the 

! 

microsphere on the padJ 

i 

(xix) Further, according to the invention, a microsphere 

i 

15 arranging apparatus comprises: 

a mountingTOtatiJng means for mounting a semiconductor 
device and for rotating the semiconductor device mounted, the 
semiconductor device ii)cluding a semiconductor wafer with a 
predetermined semiconductor element and an interconnection and 

20 with a number of pads conifiected the interconnection and attached 
on a surface of the semiiconductor wafer, and a resxs'b formed 
on the semiconductor wafer and having a penetrating hole formed 
at the respective pad g^ositions to mount the microsphere; 

a storing means for storing conductive liquid containing 

25 a number of microspheres and for supplying the microsphere 
together with the stored! conductive liquid to the semiconductor 

device mounted on the mounting-rotating means; and 

! 

a retaining means for retaining the conductive liquid 

I 

containing the microsphere supplied from the storing means to 
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the semiconductor device. 

The storing means may have a first ejecrion tube that 
ejects in an arbitrary djirection the microsphere together with 
the stored conductive liquid, and the mounting-rotating means 

i 

may have a first mount bajse that mounts the semiconductor device 

j 

being kept inclined, thej microsphere being poured together with 

i 

the conductive liquid fijom the first ejection tube to the upper 

portion of the semiconductor device being kept inclined and 

I 

rotated while being inoijinted on the first mount base* 



10 The storing means 



may have a second ejection tube that 



ejects only the stored conductive liquid in an arbitrary, the 

microsphere being poureld together with the conductive liquid 

from the second ejecti!on tube to the upper portion of the 

semiconductor device being kept inclined and rotated while 

15 being mounted on the first mount base, 

I 

The storing means may have a first ejection tube that 
ejects in an arbitrary direction the microsphere together with 
the stored conductive liquid, and the mounting-rotating means 
may have a second mouat base that mounts the semiconductor 
20 device being kept horijEontal, the microsphere being poured 
together with the conductive liquid from the first ejection tube 
to the center portion of the semiconductor device being kept 
horizontal and rotated while being mounted on the second mount 
base , 

25 The storing means may have a second ejection tube that 

ejects only the stored Conductive liquid in an arbitrary, the 

microsphere being pourdd together with the conductive liquid 

from the second ejectijDn tube to the center portion of the 

semiconductor device b^ing kept horizontal and rotated while 

I 
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being mounted on the second mount ba^e. 

The mounting-rotajting means may be disposed above or in 
the retaining means. | 

An oscillating means may be provided that applies 
5 oscillation to the mounting-rotating means. 

A tube may be provided that connects between the storing 
means and the retaining paeans; and a pump means may be provided 
that is built in the tube to transport the conductive liquid 
containing the microspKere being retained in the retaining 
10 means to the storing means - 

(XX) Further, according to the invention, a microsphere 

arranging apparatus coi^prises: 

I 

a mounting means! for mounting a semiconductor device 
while disposing the seirliconductor device to be inclined, the 
15 semiconductor device including a semiconductor wafer with a 
predetermined semiconductor element and an interconnection and 
with a number of pads connected the interconnection and attached 
on a surface of the semjiconductor wafer, and a resist formed 
on the semiconductor wafer and having a penetrating hole formed 
20 at the respective pad positions to mount the microsphere; 

a storing means f o|r storing conductive liquid containing 
a number of microspheres; 

a first ejectiori tube for ejecting the microsphere 

together with the conductive liquid; 

I 

25 an oscillating means for oscillating the first ejection 

tube between one end to the other end of the semiconductor device 

j 

over the semiconductor ; device inclined; and 

a retaining mean^ for retaining the conductive liquid 
containing the microsphere ejected from the first ejection tube 
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I 
I 

to the semiconductor device. 

h second ejectionj tube may be provided that ejects only 
the conductive liquid in! the storing means, and the oscillating 
means may oscillate th^ second ejection tube as well. 

5 The mounting meains may be disposed above or in the 

i 

retaining means. i 

An oscillating Aeans may be provided that applies 
oscillation to the mouijiting means. 

i 

A tube may be provjided that connects between the storing 
3.0 means and the retaining imeans; and a pump means may be provided 

i 

that is built in the tube to transport the conductive liquid 
containing the microspjiere being retained in the retaining 
means to the storing m$ans - 

(xxi) Further, according to the invention, a microsphere 

15 arranging apparatus coiiiprises: 

a mounting-rotatijng means for mounting a semiconductor 
device and for rotatingjthe semiconductor device mounted, the 
semiconductor device including a semiconductor wafer with a 
predetermined semicondujctor element and an interconnection and 

20 with a number of pads conjiected the interconnection and attached 

i 

on a surface of the semiponductor wafer, and for holding a mask 
with a penetrating holejformed at the respective pad positions 

to mount the microsphere so as to allow the hole to be disposed 

i 
i 

on the pad; \ 
25 a storing means fcjr storing conductive liquid containing 

a number of microspherjes and for supplying the microsphere 

together with the stored conductive Liquid to the pad on the 

I 

semiconductor device mdunted on the mounting-rotating means; 
and 
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a retaining means! for retaining the conductive liquid 
containing the microsphere supplied from the storing means to 
the pad- \ 

(xxii) Further, according to the invention^ a microsphere 

5 arranging apparatus co4prises: 

a mounting means | for mounting a semiconductor device 

while disposing the semjiconductor device to be inclined, the 

semiconductor device irjcluding a semiconductor wafer with a 

predetermined semiconductor element and an interconnection and 

10 with a number of pads coniiiected the interconnection and attached 

on a surface of the semiconductor wafer, and for holding a mask 

with a penetrating hole formed at the respective pad positions 

to mount the microsphere so as to allow the hole to be disposed 

on the pad; j 
X5 a storing means fojr storing conductive liquid containing 

a number of microspheres; 

a first ejection] tube for ejecting the microsphere 
together with the conductive liquid; 

an oscillating meins for oscillating the first ejection 
20 rube between one end to t^e other end of the semiconductor devxce 
over the pad of the seniiconductor device; and 

a retaining means! for retaining the conductive liquid 
containing the microsphere ejected from the first ejection tube 

i 

to the pad. i 
25 (xxiii) Further^ according to the invention, a 

microsphere arranging apparatus comprises: 

a mounting-rotatiing means for mounting a semiconductor 
device and for rotating j the semiconductor device mounted, the 
semiconductor device including a semiconductor wafer with a 
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predetermineci semiconductor element and an interconnection and 

with a number of pads connected the interconnection and attached 

on a surface of the semiconductor wafer, and for holding a mask 

I 

with a penetrating hole feormed at the respective pad positions 

i 

5 to mount the microspherej so as to allow the hole to be disposed 
on the pad; \ 

a storing means fojr storing conductive liquid containing 
a number of microspheres and for supplying the microsphere 
together with the storeli conductive liquid to the pad on the 
10 semiconductor device mojunted on the mounting-rotating means; 

i 

a retaining means! for retaining the conductive liquid 
containing the microsphere supplied from the storing means to 
the pad; 

a tube that connects between the storing means and the 
15 retaining means; and I 

a vertical movemejit means that allows the storing means 
to move to a position ibove or below the retaining means. 

Brief Deserxpi^lon of Drawings 

20 FIG.l shows the composition of a microsphere arranging 

apparatus in a first pjjef erred embodiment of the invention. 

FIG. 2 illustrates! a relationship between a tip portion 
of ejection tube in the imicrosphere arranging apparatus and a 
semiconductor device mounted on a mount base. 

25 FIG. 3 shows the composition of a pump of the microsphere 

arranging apparatus. 

FIG. 4 is a cross 4®<=t3.onal view showing the composition 

j 

of a semiconductor delvice mounted on the mount base of 

I 

microsphere arranging 4pP^^^^^5' 

I 

I 

i 
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i 

FIG. 5 is a plain view showing a gap required in 
accommodating a microsphere with a maximum diameter in a resist 

hole. I 

FIG. 6 iilustrates'a situation chat a microsphere deviates 
5 from an underlying pad diameter because of a resist hole 
providing an excessively large gap. 

FIG. 7 is a plain ^iew showing a relief groove formed in 
connection with the resist hole. 

FIG.B shows the ajDmposition of a microsphere arranging 

I 

10 apparatus in a second preferred embodiment of the invention, 
FIG, 9 shows the composition of a microsphere arranging 
apparatus in a third preferred embodiment of the invention. 

FIG. 10 illustrates a situation that a semiconductor 
device is mounted on a riotary mounting unit of the microsphere 
15 arranging apparatus. j 

FIG. 11 illustrates a situation that a semiconductor 
device is mounted on a j rotary mounting unit being soaked in 

conductive liquid in thJ microsphere arranging apparatus in the 

I 

third embodiment of the invention. 

j 

20 FIG. 12 shows the composition of a microsphere arranging 

apparatus in a fourth piref erred embodiment of the invention. 

FIG. 13 illustrates a situation that a semiconductor 
device is mounted on a ' rotary mounting, unit being soaked in 
conductive liquid in the! microsphere arranging apparatus in the 
25 fourth embodiment of tl|\e invention. 

FIG. 14 shows the composition of a microsphere arranging 
apparatus in a fifth preferred embodiment of the invention. 

FIG. 15 illustrates the operation of the microsphere 
arranging apparatus in j:he fifth embodiment of the invention. 

! 

1 

I 



20041 1^ 83 mm 



HIRATA&PARTNERS 



NO. 3547 ?. 26/49 



26 



j 

FIG. 16 shows the composition of. a microsphere arranging 
apparatus in a sixth preferred embodiment of the invention. 

FIG. 17 illustrat^'s the positions of a transfer bath of 
the microsphere arrangkng apparatus and of a semiconductor 
5 device mounted on the rhount base. 

FIG. 18 is a plain jview showing a relief groove formed in 
connection with a resist hole, 

FIG, 19 is a plain , view showing the shape of resist holes 
and a relief groove forjmed in connection with a resist hole. 

10 FIG. 20 is a plain jview showing a relief groove formed in 

i 

connection with a resist hole» 

t 

FIG. 21 is a plain jview showing a relief groove formed in 

I 

connection with a resist hole. 

FIG. 22 shows the -composition of a microsphere arranging 

j 

15 apparatus in an eighth preferred embodiment of the invention. 

FIG. 23 is a crosii sectional view showing a positional 
relationship among a semiiconductor wafer mounted on a mount base 
of the microsphere arrarlging apparatus ^ a pad on the wafer, and 

i 

a hole formed in a mask to mount a microsphere • 
20 FIG. 24 is a cross 'sectional view showing a relief groove 

i 

formed in the mask, I 

FIG. 25 shows the j:omposition of a microsphere arranging 
apparatus in a ninth preferred embodiment of the invention. 

i 

FIG. 26 is a vibrating means (piezoelectric element) 

25 attached to a mount base to mount a semiconductor device. 

! 
i 

Beat: Mode fox Carrying Out the Invention 

The embodiments of the invention will be explained below 
with reference to the cirawings. 

! 



I 
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[First: prefarred exobodiment:] 

riG.l shows the ct)mposii:ion of a microsphere arranging 

i 

apparatus in the first preferred embodiment of the invention. 

The microsphere arranging apparatus as shown in FIG.l is, 
for example^ applied tc? a bump electrode forming process of 
semiconductor device. | Namely, the bump electrode forming 
process is completed such that, after forming a resist on a 
semiconductor wafer, exposure, development, transferring 
solder balls to holes orJ the semiconductor wafer, ref lowing of 
solder balls, and removing of resist are conducted. The 
microsphere arranging ajjparatus of the invention is applied to 
a step of transferring solder balls to holes on the 
semiconductor wafer. ; 

i 

The microsphere arranging apparatus in FIG.l is provided 
with a transfer bath 1 that is a container allowed accommodating 
conductive liquid, an<}i that 'a mount base 3 to mount a 
semiconductor device 2 ijs detailed later in FIG. 4 is disposed 
nearly at the center tl^iereof . 

The mount base Bis composed such that its height in the 
vertical direction can be changed by a mount base shifter 12. 



Further, its angle 
horizontal/inclined by 



can be freely varied into 
ia supporting portion 4 where the mount 
base 3 is attached to jhe mount base shifter 12. 

The transfer bath |1 has a bottom face to which one opening 
of a circulation pipe S with flexibility is connected. The 
other opening of the circulation pipe 5 is connected to the side 
face of a storage container 6. It is desirable that the bottom 
face of transfer bath 1 h^s a structure to facilitate the flowing 
of microsphere 47 as shown in FIG. 4 and conductive liquid into 
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the circulation pipe 5.; For example^ as shown in FIG-l, the 

i 

bottoiu of transfer bathll is shaped such that its diarr.eter is 
reduced according as accjessing the connection portion with tihe 
circulation pipe 5. It! is shaped like so called a funnel to 
5 facilitate the flowing of microsphere 47 and conductive liquid 
into the circulation pipe 5. 

The storage container 6 is connected through the 
circulation pipe 5 with Ibe transfer bath 1, and it is^ connected 



10 



15 



20 



25 



with a washing pipe 8 at its side face and with an ejection pipe 
7 at its bottom. Further, rhe storage container 6 is structured 
such that part except fojr the pipe-connected portion is closed 
to prevent the evaporation of volatile conductive liquid as much 
as possible. 

It is desirable thjat the bottom face of storage container 

6 has a structure to facilitate the flowing of microsphere 47 

I 

and conductive liquid irjto the ejection pipe 7 so as to prevent 
the deformation of microsphere 47. For example^ it is shaped 
is shaped like a funnel tb facilitate the flowing of microsphere 
47 and conductive liqujd into the ejection pipe 7, 

FIG. 2 (a), <b) illustrates the relationship between the 
tip portion of ejectloi^ pip® 7 and the semiconductor device 
2. 

A flow plate 9 jis disposed at the top end of zhe 
semiconductor device Z, and conductive liquid containing a 
number of microspheres [47 falls from the tip of ejection pipe 

7 to the flow plate 9, | 

The conductive liquid is, for example, of ethanol. Other 
than ethanol, alcohols j such as methanol, isopropyl alcohol, 

i 

butanol, cyclohexanolj glycenol and ethyleneglycol are 
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available. Further, itj may be water. etc or mixed liquid of 

these. further^ it ma^ contain a small amount of additive 

! 

agents such as dispersing agent and surfactant. For example, 
the additives are dlsodium phosphate hydrate, sodium 
5 hexametaphosphate, sodipm pyrophosphate, sodium linoleate, or 
cation activator. Licjuid with high conductiviry is more 

preferable because it is highly effective for static 

j 

protection. i 

The microsphere 47 has a diameter of, e.g., 100 m m or 
10 less , i.e., 0 . 1 iwn or less - The thickness of conductive liquid 

flowing through the inclined surface of semiconductor device 

j 

2 is about 1 to 2 mm. lis compared to the size of microsphere 
47, the thickness (deptlh) is ten to twenty times. Thus, it. is 
equivalent to the case ihat microspheres 4 7 are arranged in a 

15 bath with conductive liquid, and the same effect of static 
protection etc . can be obitained thereby . The outlet of e j ection 
pipe 7 is^ as shown an atrow Yl in riG^2(a) , shifted from side 
to side by a pipe shift mechanism 10 so as to supply the 
conductive liquid ontoj the entire surface of semiconductor 

20 device 2. \ 

Further^ the circulation pipe 5 is provided with a pump 
11 that serves to send th^ conductive liquid and microsphere 
47 accumulated in the txfansfer bath 1 to the storage container 
6. The pump 11 is, as sljiown in FIG. 3 (a), composed of; a roiJler 

25 rotating body 31 that it^s rotation shaft 32 is fixed to a motor 
(not shown) and that rolates together with the rotation shaft 

32 according to the rotatjion of motor so as to send the conductive 

i 

liquid and microsphere 4p from the transfer bath 1 to the storage 
container 6/ a plurality of rollers 33 that are attached evenly 
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and rotatabiy on rhe ciijcumf erence of .roller rotating body 31; 
and a circulation tube j pressing base 34 that is disposed to 
sandwich the circulation pipe S between the roller 33 and the 
base 34. 

I 

5 The distance betujeen rhe roller 33 and the circulation 

tube pressing base 34 ijs set such that, as shown in FIG. 3(b), 
therebetween and at part of circulation pipe 5 (tube with 

elasticity) pressed by jthe rotation of roller 33, a gap Y2 is 

I 

provided that allows a! microsphere 47 to pass through while 
10 having its original shape - 

Next, the composition of semiconductor device 2 will be 
explained with referen<pe to FIG.4- 

FIG.4 is a cross Sectional view showing the composition 

I 

of a semiconductor dev|,ce. 

j 

15 The semiconductor! device 2 as shown in FXG.4 is composed 

I 

of: a semiconductor wafer (hereinafter simply referred to as 

semiconductor wafer) ^3 that predetermined semiconductor 

» 

element and interconnecjtion are formed and a number of pads 42 
connected to the predetermined interconnection are arranged on 

i 

20 the surface; and a resist 45 that is provxded with holes 44 to 
mount the microsphere 4j7 such as a solder ball at each of the 
pads 42. 

Provided that the juhickness of resist 45 is h, the diameter 
(hereinafter referred; to as microsphere diameter) of 
25 microsphere 47 used is d, and the accuracy of microsphere 
diameter d is ± a micron (um), 

microsphere diameter minimum diameter dmin=d- a , and 

I 

microsphere diameter maximum diameter dmax=d+a. 
Further, it is preferable to satisfy the condition that 
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t 45 to accomnvodate the microsphere 47 



the thickness h of resis 
in the hole 44 is: 

l/2dmax<hSdmin 
Further, providejd that the diameter (hereinafter 
referred to as resist hole diameter) of hole 44 in the resist 
45 is D;- a dispersion ii processing of hole 44 in the resist 

a clearance needed to accommodate a 
microsphere 4 7 with the maximum diameter dmax is y micron, the 
minimum resist hole diameter Dmin=D-iS has to be equal to or 
greater than a value obtlained by adding a clearance 2 y to the 



45 is ± j3 micron, and 



maximum microsphere diameter dmax. 



Accordingly, it is 



preferable to satisfy tihe conditions: 

D+^=Dmax (maximu4ti resist hole diameter) 
D-i3«Dmin (minimum resist hole diameter) 
D-.j8 =Dmin^dmax +i2y 
Dmin-dmaxS 2 y 



For example, if a 



microsphere 47 of 100 micron is used, 
the clearance 2 y is {suitably 5 to 30 micron. However, 
according as [Dmin-dn)|ax] to give 2 y increases, two 
microspheres 47 may be entered in one hole 44 and it becomes 

difficult to dispose just one therein. On the other hand, it 

i 

should be avoided that ithe microsphere 47 gets out of a pad 
diameter L underneath 'as shown in FIG. 6. Accordingly, in 
consideration of the thickness h of resist 45, it is necessary 
to select the clearance!: 

i 

2y=Dmin-dmax | 

Furthermore, in a<^commodating a microsphere 47 into the 
resist hole 4 4 in the liijiuid^ a gas such as air may prevent the 

i 

microsphere 47 from entjaring thereinto since the resist hole 
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44 is very small . Therefore, it is necessary to provide a relief 
passage (hereinafter referred to as relief groove) for gas or 
liquid in connection with the resist hole 44. 

The relief groove can be formed, e.g., by etching the 
5 resist 45, As shown in EIG.7 (a) , a relief groove 4 9a to connect 
between holes 44 may be provided- Also^ as shown in FIG.7(b), 
a relief groove 49b formed at both sides (or one side) of the 
hole 4 4 may be provideci. 

The relief grooves 49a, 49b need to have such a width 1 
10 that a gas or liquid call flow through without being retained 
since the gas or liquid {is difficult to relieve or flow if the 

width 1 is too narrow. 1 For example, it is to be 5 micron or 

I 

more , I 

The accuracy of wlidth 1 of relief groove is given such 

15 that the position of mijcrosphere 47 located therein does not 

j 

get out of a minimum padldiameter Lmin=L- a , where a dispersion 

1 

in processing is /3 and a dispersion in processing of pad 
diameter L is a . It i^ preferable that: 

Dmax - dmin + {dmin - (jdmin^ - Imax^) }<Lmin, and lmax<'y~ {dmin^ 



- (DmaK - Lmin) } 

Furthermore, it should be considered that there is a 

i 

deviation in position between the pad 42 and the hole 44. 

Although FIG. 5 shows the case that both centers are aligned to 

i 

each other, they are exactly deviated from each other in most 
cases. 

Next, the process 
arrangement holes 44 of £ 



of arranging microspheres 47 into the 
emiconductor device 2 will be explained, 
where the method of arraiiging microspheres 47 with liquid using 
the microsphere arranging apparatus abovementioned is applied. 
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In this Gmbodimenj: , the method of arranging microspheres 
47 onto the semiconductiDr device 2 is conducted such that the 
arrangement pallet is not used, the semiconductor device 2 is 



placed in the air while 



oeing mounted on the mount base 3, and, 



5 in the air^ the microspliere 47 is directly mounted on the oad 

j 

42 by flowing down it With conductive liquid . 

At first, the semiconductor device 2 with no microsphere 
47 mounted is mounted on! the mount base 3 that is angle-adjusted 
to be horizontal. Then, by inclining the mount base 3 at a 

10 predetermined angle suitable for the arrangement of microsphere 
47, the semiconductor device 2 is located inside (at the in-air 
position of) the transfer bath 1- At that time, the outlets 
of washing pipe 8 and ejection pipe 7 are retracted at a position 
that does riot prevent tihe mounting of semiconductor device 2 

15 onto the mount base 3. 

Then, the washincf pipe 8' is moved such that the outlet 

of washing pipe 8 is located over the semiconductor device 

I 

2 mounted on the mount jbass 3. At that time, since the pump 
11 stops ^ the storage cpntainer 6 is vacant and therefore the 

20 conductive liquid does | not flow out of the outlet of washing 

t 

pipe 8 and election pi^e 7. 

When the pump 11 j starts operating at a low speed, the 
conductive liquid retajined in the transfer bath 1 and the 
flexible circulation pipe 5 is supplied to the storage container 

i 

25 6. Then, the conductive liquid is ejected through the washing 
pipe 8 and falls on the ^emiconductor device 2, The conductive 
liquid fallen on the semiconductor device 2 is flown from the 



hole 44 through relief 
Thereby, gas in the hole 



groove down to the transfer bath 1. 
44 can be removed. When a certain time 
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elapses, the outlet of iwashing pipe .8 is retracted. 



i 



Subsequently, wheji the pump 11 starts operating at a high 
speed, the microsphere 'fll retained in the transfer bath 1 and 
the flexible circulation pipe 5 is, with conductive liquid, 
supplied to the storage container 6. In details, the 
circulation pipe 5 (tdbe) with elasticity is sequentially 
pressed by rotating the! roller 33, and the conductive liquid 
including the microsphere 47 is sent forward while being choked 



through the suitable clearance of circulation pipe 5 to be 
10 generated by the pressing. Further, suction is generated 
according to the passing of roller 33, and the conductive liquid 
is sequentially sucked and continuously supplied (transported) 
into falling. \ 



At that time, when 



15 as shovJn by the arrow yIi in FIG,2(a), the microsphere 47 and 



conductive liquid is ej 
uniformly falls on th 



the outlet of ejection pipe 7 is shifted 



ected through the ejection pipe 7 and 
e semiconductor device 2. Part of 
microspheres 47 fallen cjn the semiconductor device 2 is entered 

in the hole 44 and the lother part of the microsphere 47 with 

i 

20 conductive liquid is dripped on the bottom of transfer bath 1. 
If the conductive liquid! is not accumulated in the transfer bath 

1 and the semi conduct: or [device 2 is in the air, the microsphere 

I 

47 ejected from the ejection pipe 7 together with the conductive 

liquid is accommodated in hole 44 and the rest of microsphere 

I 

25 47 is dropped in the transfer bath 1. 

Since the hole 44jof semiconductor device 2 is provided 

with the relief groove ieing connected, the conductive liquid 

j 

entered in the hole 44 ik flown down through the relief groove, 
then dropped from the mAunt base 3 onto the bottom of transfer 
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bath 1. Therefore, the 



iaic2 



osphere 47, once entered in the hole 



44 is not pushed out by the conductive liquid. 

The microsphere 4^^ and the conductive liquid flown down 

I 

m the transfer bath 1 ^re sent through the circulation pipe 

I 

5 5 connected to the bottiom of transfer bath 1 to the storage 
container 6 by the opezfation of puiup 11. 

After the ejectto^ during a certain time, the pump 11 i5 
switched into the low speed operation, and thereby, of the 
microsphere 47 and the conductive liquid flown down on the 
10 bottom of transfer bathi 1, the microsphere 47 is retained at 
part of circulation pipfe 5 and at the bottom of transfer bath 
1 and, however, only copductive liquid is transported to the 
storage container 6. 

The mount base 3 }ls inclined at such an angle that the 

accommodated in the hole 44 does not 
the pressure of liquid, and then the 
outlet of washing pipe 8 is shifted as shown by the arrows Yl 
in FIG, 2 (a) , j 

This washing prdcess corresponds to the shaking or 
20 oscillation of liquid iri the in-liquid arrangement method that 
the semiconductor devic^ 2 is soaked in the liquid. Thereby, 
excessive microspheres j47 being stacked in the hole 44 with a 
microsphere 47 already accommodated therein or being left on 

i 

the surface of semiconductor device 2 can be removed, and the 
25 excessive microsphere 4|7 can be accommodated in another hole 



15 microsphere 47 already 
escape therefrom due to 



44 with no microsphere 



operating, and thereby 



accommodated therein yet- 



Af ter the washing iiuring a certain time, the pump 11 stops 



the microsphere 47 and the conductive 



liquid flowing down on tfee bottom of transfer bath 1 is retained 
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at part of circulation pipe 5 connected to the bottom of the 
transfer bath 1 and at t:he bottom of transfer bath 1, and the 
transportation of condulctive liquid to the storage container 
6 stops. As a result^ t?he storage container 6 becomes vacant 
after the conductive liquid left therein completes the flowing 
down through the washing pipe 8 and the ejection pipe 7, 

At the endr the iiount base 3 is angle-adjusted to be 



horizontal, and the sami 



arranged thereon is taken out. 



By repeating the 
microsphere 47 can be 
microsphere 47 and the 



conductor device 2 with microsphere 47 



above process, the arrangement of 
stably conducted while using the 
conductive liquid repeatedly. 



attached on the surface 

the semiconductor wafer 



As described abovi, the microsphere arranging apparatus 
and the method of arranging microspheres with liquid in the 
first embodiment is comppsed such that the semiconductor device 
2 is provided that includes: the semiconductor wafer 43 with 
the predetermined seraidonductor element and interconnection 
and with a number of pads 42 connected the interconnection and 

thereof; and the resist 45 formed on 
4 3 while having the penetrating holes 
44 formed at the respejctive pads 42 position to mount the 
microsphere 47, and the Licrosphere 47 is poured into the hole 
44 while being transported thereto together with conductive 
liquid, thereby being Kounted on the pad 42. 

Thus^ without usinjg the conventional arrangement pallet, 
the microsphere 47 can be directly mounted on the pad 42 by 
pouring the microspheire 4 7 into the resist hole 44 of 
semiconductor wafer 43 while transporting it together with the 
conductive liquid. Accc>rdingly/ the conventional processes of 
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accommodating the microspheres in the arrangement pallet and 



then transferring them 
device 2 are not needed, 
be reduced and the step 



to the resist hole 44 of semiconductor 
Therefore, the manufacturing cost can 
of transferring the microsphere 47 to 



5 the hole 4 4 of semiconductor device 2 in the bump electrode 



forming process can be 
the microsphere 47 is s 



simplified. In the above embodiment, 
solder ball. The solder ball may be 
a ball consisting of solder, a plastic core covered with solder, 
a gold ball or a copper ball with silver plating, or various 
10 conductive micro-balls. 

Further, since th^ above semiconductor device 2 has the 
resist 45 with a thiclciess of greater than 1/2 the maximum 
diameter of microsphere 47 and less than the minimum diameter 
thereof to be generated in the manufacture accuracy, one 
15 microsphere 47 can be surely accommodated in the hole 44 and 
can be mounted on the i^ad 42. 

Further, the mininum diameter of hole 44 to be generated 
in the manufacture accuracy is made to be greater than a value 

clearance to the maximum diameter of 
20 microsphere 47, and the tnaximum diameter of hole 44 is set such 
that more than one micrcJsphere 47 does not enter into one hole 
4 4 and the microsphere 4|7 does not escape from the pad diameter 
L. Because of this, on^ microsphere 4 7 can be surely mounted 
on the pad 42. 

25 Further/ since the relief groove to flow out the gas or 

conductive liquid frori the hole 4 4 in accommodating the 
microsphere 47 in the hole 44 is formed to connect with the hole 
44, the microsphere 47 can be accommodated smoothly and securely. 
Therefore, one microsphere 47 can be surely mounted on the pad 



obtained by adding the 
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Although in the above embodiment the thickness of resist 



4 5 and the diameter of hole 4 4 ar© determined such that only 
one microsphere 4 7 is entered into the hole 44 of seniiconductor 
5 device 2, two microspheres 47 may be vertically accommodated 
in che hole 44, e.g., if the microsphere 47 is a solder ball 
with plastic core contiined therein. 

The circulation pipe 5 has such a clearance that allows 
the microsphere 47 to pass through while having its original 
10 shape, at its part to be pressed when the microsphere 47 is 
transported by means of the pump 11. Because of this, the 
microsphere 47 can be securely accommodated in the hole 44 of 
semiconductor device 2 without being deformed, crushed or 
defaced. 

15 [Second preferred enbocLxmenl:] 

riG.8 shows the cjomposition of a microsphere arranging 
apparatus in the second preferred embodiment of the invention. 

The liquid * f lov-down type arrangement method of 
microsphere 47 to the semiconductor device 2 in this embodiment 



20 is conducted such that. 



without using the arrangement pallet^ 



the semiconductor device 2 mounted on the mount base 3 is 
disposed in the conductive liquid^ and the microsphere 47 is 
directly mounted on thsj pad 42 by pouring the microsphere 47 
into the pad 42 together with the conductive liquid. 
25 The microsphere arranging apparatus in FIG. 8 is different 

from that in the first embodiment in that the storage container 
6 can be upward and downward moved by a storage container 
vertical movement means! 25- At first, the storage container 
6 waits at a position tlower than the transfer bath 1 while 
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containing the microsphere 47 and conductive liquid. When, the 
semiconductor device 3 is mounted on the mount base 3, the 
storage container 6 ife elevated by operating the storage 
container vertical movement means 25 . According as the storage 
5 container 6 is moved tq higher than the transfer bath 1, the 
microsphere 47 and conductive liquid contained in the storage 
container 6 is ejected through the ejection pipe 7 and fails 
on the semiconductor de/ica 2 in the conductive liquid* Part 
of microsphere 47 falling on the SGmiconductor device 2 is 
10 poured into the hole 44| and the remaining microsphere 47 and 
conductive liquid is fiown down into the transfer bath 1. 

The microsphere 47 and conductive liquid flown down to 
the bottom of transfer bath 1 is retained at part of the 
circulation pipe 5 connected with the bottom of transfer bath 
15 1 and at the bottom of transfer bath 1. 

When the microsph4re 47 and conductive liquid contained 
in the storage container 6 is all ejected and then the storage 
container 6 is moved dowr to the lower position, the microsphere 
47 and conductive liquid retained at part of the circulation 



20 pipe 5 connected with tt^e bottom of transfer bath 1 and at the 
bottom of transfer bath 1 are flown into the storage container 
6 through the circulati3n pipe 5 to be accommodated therein. 

The microsphere arranging apparatus and the method of 
arranging microsphere with liquid in the second embodiment have 
25 the same effects as that in the first embodiment. 

Further, since th^ microsphere 47 and conductive liquid 
is circulated by moving |up and down the storage container 6 in 



stead of using the pump 
accommodated in the hole 



Ll^ the microsphere 47 can be secureily 
44 of semiconductor device 2 without 
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being deformed, crushed or defaced 



Although in the 
microsphere 47 is suppli 



first and second embodiments the 
ed to the resist 45 on the semiconductor 



wafer 43, the semiconduotor wafer 43 may be replaced by a wiring 



:Lip 



board, a semiconductor chip etc. Such an embodiment is included 
in the technical scope | of the invention. 

In the first and isecond embodiments, if an oscillating 
means to oscillate thl mount base 3 is incorporated, the 
microsphere 47 can be faster accommodated in the hole 4 4 of 
10 semiconductor device 2 . Thereby, the working efficiency can 

be enhanced and the maiuuf acturing cost can be reduced. 

i 

FIG. 9 shows the cpmposition of a microsphere arranging 
apparatus in the third preferred embodiment of the invention, 

15 The microsphere a^rranging apparatus as shown in FIG. 9 is 

composed of: a transfer bath l;*a rotary mounting unit 53 that 
the semiconductor devipe 2 is mounted thereon and rotated 
thereby; a pump 11;' a cijrculation pipe 5; a storage container 
6; an ejection pipe 7; a \[/ashing pipe 8, a microsphere supplying 

20 nozzle 7a; and a washing nozzle 8a. 

The transfer bathjl is a funnel-shaped container formed 

! 

by combining a cylindejr and a cone, and it accommodates a 
conductive liquid containing a number of microspheres 47. The 
transfer bath 1 has an opening formed at the lowest portion and 
25 the storage container 6 kas an opening formed at the side face. 

The circulation pipe 5, Iwhich is a flexible pipe/ is connected 

i 

between the openings thlrough the pump 11. 

The storage conteiiner 6 is a funnel-shaped container 
formed by combining a cyilinder and a cone, and it is placed and 
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fixed over the transfer l>ath 1 by a supporting member (not shown) , 
and it accommodates a ccnductive liquid containing a number of 
microspheres 47, The storage container 6 has an opening formed 
at the lowest portion, ind one end of the ejection pipe 7 with 
5 the microsphere supplying nozzle 7a attached thereto is 
connected to this opening. The storage container 6 also has 
an opening formed at an arbitrary position of the upper portion 
of its inclined surface^ and one end of he washing pipe 8 with 
the washing nozzle 8a attached thereto is connected to this 
10 opening. The storage clontainer 6 is sealed up except at the 
pipe-connected portions so as to prevent the volatilization of 
volatile conductive li<iuid as much as possible. 

The rotary mounting unit 53 is built in near the lowest 
portion of transfer bath 1, and it is composed of: a motor 53a; 
15 a rotating shaft 53b of tLhe motor 53a; a bearing 53c shaped like 
an elongated cylinder; and a mount base 53d. The motor S3a is 
disposed outside the transfer bath 1^ and the rotating shaft 
53b of motor 53a is rotatably inserted into a penetration hole 
of the bearing 53c that is fixed at the lower portion of the 
20 inclined surface of trar.sfer bath 1. The tip of rotating shaft 
53b is secured to the denter of mount base 53d » Namely/ the 
mount base 53d is disposed being inclined inside the transfer 

53d is rotated with the rotating shaft 
reby the semiconductor device 2 mounted 
25 on the mount base 53d :.s rotated according to the rotation. 

The inclination angle of mount base 53d is set such that, 
after microsphere 47 i^ once accommodated in the hole 44 of 
semiconductor device 2 ^nounted thereof, the microsphere 47 is 
not spin out from the h<>le 44 by centrifugal force, and it is 



bath 1. The mount base 
53b of motor 53a/ and the 
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and (b) . 

Conductive liquid 



not released therefrom c ue to the pressure of conductive liquid 
to flow down from th(i washing no22le 8a. A shield for 
waterproofing is disposed between the bearing 53c and the 
rotating shaft 53b. 

The relationship] between the microsphere supplying 
nozzle 7a and the semicpnductor device 2 mounted on the mount 
base 53d will be explained below with reference to FIG* 10 (a) 



containing a number of microspheres 47 



10 flows down from the tib of microsphere supplying nozzle 7a 



disposed over the top 



face of semiconductor device 2. The 



microsphere 47 has a di ameter of 100 m ni or less, i»e. 0 . 1 mm 
or less, and the conductive liquid flowing down on the inclined 
surface of seiaiconductc r device 2 has a thickness of abour 1 
to 2 mm. Thus, as compa!red to the size of microsphere 47, the 
thickness (depth) is |L0 to 20 times, and this is nearly 
equivalent to the case ithat the microspheres 47 are arranged 



in the bath with conduct 



ive liquid. Also, it can have the same 



effect of static protection etc. In order to pervade the 
20 conductive liquid on the entire surface of semiconductor device 

2, the semiconductor device 2 is rotated and the microsphere 

supplying nozzle 7a ip placed at the highest portion of 

semiconductor device 2 

The pump 11 interpj^sed on the path of the circulation pipe 
25 5 serves to ^transport the conductive liquid and microsphere 47 

retained in the transfer bath 1 to the storage container 6. 
Next, the process of arranging, in the air, the 

microsphere 47 into the arrangement hole 44 of semiconductor 

device 2 by using the iraicrosphere arranging apparatus thus 
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disposed inside (at the 



composed will be expla:-ned. 

The liquid flow-iown type arrangement method in this 
embodiment to arrange the microsphere 47 onto the semiconductor 
device 2 is conducted sich that, without using the arrangement 
pallet, the microsphere 47 is directly arranged on the pad 42 
by pouring the microsphere 47 together with the conductive 
liquid while rotating, in the air, the semiconductor device 2 
mounted on the mount hat\e 53d being inclined by the motor 53a. 
At first, the sema conductor device 2 with no microsphere 
10 4 7 arranged thereon is Counted on the inclined mount base 53a 

in-air position of) the transfer bath 
1. At that time, the i microsphere supplying nozzle 7a and 
washing nozzle 8a are retracted at a position that allows the 
mounting of semiconduct:or device 2 onto the mount base 53d. 
15 The washing nozzle 8a is shifted such that it is located 

over the semiconductor device 2 mounted on the mount base 53d. 
At that time, the storag-2 container 6 is vacant because the pump 
11 is stopped, and' no conductive liquid is ejected from the 
nozzles 7a and 8a, 
20 Then, the semiconc uctor device 2 mounted on the mount base 

53d is rotated by driving the motor 53a. Further, by operating 
the pump 11 at a low speed, conductive liquid retained in the 
transfer bath 1 and the flexible circulation pipe 5 is supplied 
to the storage contained 6. Then, conductive liquid is ejected 
25 from the washing nozzle j8a through the washing pipe 8 and falls 
on the semiconductor dejvice 2 being rotated. The conductive 



liquid fallen on the 
respective holes 44 whi 



semiconductor device 2 enters the 
Le moving downward and in the rotation 



direction of the semiconductor device 2, further passing 
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25 



through a relief groove 



a certain time elapses^ 



44 



(not shown) aAd then falling into the 



transfer bath 1, Thereby, gas in the hole 44 is removed. When 



the washing nozzle 8a is retracted. 



Then, by operating the pump 11 at a high speed, the 

5 microsphere 47 retained in the transfer bath 1 and circulation 

pipe 5 is supplied to ihe storage container 6 together with 

conductive liquid. The::eby, the microsphere 47 and conductive 

liquid is ejected through the ejection pipe 7 from the 

microsphere supplying iLOZZle la, and uniformly falls on the 

.0 semiconductor device 2 being rotated. The microsphere 47 

fallen on the semicondu::tor device 2 enters the hole 44 while 

I 

being moved in the circumference direction of semiconductor 
device 2, and the rest of microsphere 47 and conductive liquid 
falls into the transfei: bath 1. 

The microsphere 47 and conductive liquid fallen into the 
transfer bath 1 is tranjsported, through the circulation pipe 

St portion of the transfer bath 1, to 
by the operation of pump 11. After a 
certain time of ejectioji, the pump 11 is switched into the low 
speed operation- Thereby, of the microsphere 47 and conductive 

ransfer bath 1, the microsphere 47 is 
circulation pipe 5 being connected to 
the lowest portion of the transfer bath 1 and at the bottom of 
transfer bath 1, and on^.y conductive liquid is transported to 
the storage container 6- 

At that time, the washing nozzle 8a is shifted again over 
the semiconductor deviq:e 2 mounted on the mount base 53d. 

This washing pre cess corresponds to the shaking or 
oscillation of liquid in the in-liquid arrangement method that 



15 



5 connected to the lowe 
the storage container 6 



liquid fallen into the 
retained at part of the 
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nhe semiconductior device 2 is soaked .in che liquid. Thereby, 



excessive microspheres 
microsphere 47 already 



44 with no microsphere 
After a certain 
operating. Thereby, th 



47 being stacked in the hole 44 with a 
accommodated therein or being left on 
the surface of semiconductor device 2 can be removed, and the 
excessive microsphere ^7 can be accommodated in another hole 

accommodated therein yet. 
time of washing, the pump 11 stops 
a microsphere 47 and conductive liquid 
fallen into the transfer bath 1 is retained at part of the 
10 circulation pipe 5 beinc connected to the lowest portion of che 
transfer bath 1 and at the bottom of transfer bath 1, and the 
transportation of condtjctive liquid to the storage container 
6 is stopped. At the time of stopping, conductive liquid left 

6 falls through the nozzles 7a and 8a 
15 and thereby the storage container 6 becomes vacant. At the end, 
the semiconductor device 2 with the microsphere 47 arranged 
thereon is released from the mount base 53d. 

By repeating such operations, the microsphere 47 can be 
stably arranged while using, in the air, the microsphere 47 and 
20 conductive liquid repeatedly* 

Alternatively, Ipy using a microsphere arranging 
apparatus with a like construction as shown in FIG. 11, the 
microsphere 47 may be, ijn the conductive liquid, arranged onto 

f semiconductor device 2, Namely, this 
arrangement method to arrange the 



the arrangement hole 44 c 
liquid flow-down type 



microsphere 4 7 oni;o the Semiconductor device 2 is conducted such 
that, without using the arrangement pallet, the microsphere 47 

is directly arranged onj the pad 42 by pouring the microsphere 

i 

47 together with the conductive liquid while rotating, by the 
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motor 53a, in the cond 
semiconductor device 2 
inclined. 

In this case, the 



active liquid .of transfer bath 1, the 
mounted on the mount base 53d being 



microsphere 47 is, in the conductive 
liquid, ejected together with the conductive liquid from the 
microsphere supplying niozzie 7a, falling on the semiconductor 
device 2 being rotated, accommodated in the hole 44 while being 
moved downward and m the rotation direction of the 
semiconductor device 2 
10 However, by using, e.g. , a mechanism to make the rotating 

shaft 53b extend and contract, the semiconductor device 2 
mounted on the mount ba|se 53d can be controllabiy located in 
the conductive liquid cjr in the air, whereby the setting and 
releasing of semicondjictor device 2 can be facilitated, 
15 Further, the storage container 6 with a capacity greater than 
that of transfer bath 1 may be used. In this case, while closing 
the ejection port of nopzles 7a, 8a temporarily, by using the 
pump 11, conductive li<^uid in the transfer bath 1 may be all 
transported to the storjage container 6 or may be transported 

i 

20 thereto until the mount j>ase 53d is exposed to the air, in order 
to allow the setting a|nd releasing of semiconductor device 
2. 

As described abov4, the microsphere arranging apparatus 
and the method of arranging microspheres with liquid in the 
25 third embodiment is compbsed such that the semiconductor device 
2 composed of : the semicdnductor wafer 4 3 with the predetermined 
semiconductor element aikd interconnection and with a number of 
pads 42 connected the interconnection and attached on the 
surface thereof; and the resist 45 formed on the semiconductor 
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wafer 4 3 while having tjhe penetrating holes 44 formed at the 



respective pads 42 pos 



ition to mount the microsphere 47 is 



the microsphere 4 7 can 
pouring the microsphe 



mounted on the mount baise 53d that is disposed being inclined, 
and the microsphere 47 is, together with conductive liquid, 
ejected from the microslphere supplying nozzle 7a to the upper 
portion of semiconductor device 2 while rotating the mount base 
53d by the rotating shaft 53b of motor 53a, thereby pouring the 
microsphere 4 7 into the hole 4 4 of semiconductor device 2 to 
mount it on the pad 42. 

Thus, without usiig the conventional arrangement pallet, 

be directly mounted on the pad 42 by 
re 47 into the resist hole 44 of 
semiconductor wafer 43 j/hile transporting it together with the 
conductive liquid. l|n this case, the microsphere 47 is 
accommodated in the holo 4 4 while being moved by the centrifugal 
force of the semiconduttor wafer 4 3 being rotated. Thus, it 
can be efficiently accommodated in the hole 44. Further, the 
conventional processes bf accommodating the microspheres in the 
arrangement pallet and then transferring them to the resist hole 
44 of semiconductor device 2 are not needed. Accordingly, the 
microsphere 47 can be efficiently mounted on the pad 42. 
Further, the semiconduc:tor device 2 is rotated even when it is 
washed and, therefore, jihe washing effect can be enhanced since 
the conductive liquid (falling from the washing nozzle 8a is 



25 moved by the centrifug 



al force of semiconductor device '2. 



FIG. 12 shows the 
apparatus in the fourth 



The microsphere arranging apparatus as shown in FIG. 12 



composition of a microsphere arranging 
preferred embodiment of the invention. 
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is composed of: a transfer bath 1; a. rotary mounting unit 51 
that the semiconducror device 2 is mounted thereon and rotated 

! 

thereby; a pump 11; a cjLrculation pipe 5; a storage container 
6; an ejection pipe 7; a [washing pipe 8, a microsphere supplying 
5 nozzle 7a; and a washi:ig nozzle 8a. 

In this embodiment, the rotary mounting unit 51 is 
composed of: a motor 51a; a rotating shaft 51b of the motor 51a; 
a bearing 51c shaped like an elongated cylinder; and a mount 
base Sid. It is built jlh near the lowest portion of transfer 
10 bath 1 such that the mtunt base 51d is laid horizontally. 

! 

Namely^ the mounjt base 51d is disposed horizontally 
inside the transfer bath 1. The mount base 51d is rotated with 
the rotating shaft 51b of motor 51a, and thereby the 
semiconductor device 2 mounted on the mount base 5 Id is rotated 



15 according to the rotat 



device 2 mounted on the 



on. The microsphere supplying nozzle 



7a is disposed at the center or center portion of semiconductor 



mount base 51d. The washing nozzle 8a 



is disposed adjacent td the microsphere supplying nozzle 7a- 



Next, the process 
47 into the arrangement 



liquid 



using 



the 



of arranging, in the air, microspheres 
holes 44 of semiconductor device 2 will 



be explained, where the iiethod of arranging microspheres 47 with 



microsphere arranging apparatus 
abovementioned is appljLed. 

The liquid flow-down type arrangement method is conducted 
such that the arrangement pallet is not used, the semiconductor 
device 2 is placed in the air while being mounted on the mount 
base 51d horizontally disposed, and the microsphere 47 is 
directly mounted on thle pad 42 by pouring it together with 
conductive liquid. 
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At first, the seirlconductor device 2 with no microsphere 
47 mounted is mounted jon the mount base 51d that is disposed 



horizontally inside (a 
bath 1. At that time. 



t the in^air position of) the transfer 
the washing pipe 8 and ejection pipe 7 
are retracted at a posijtion that does not prevent the mounting 
of semiconductor devide 2 onto the mount base 51d. 

Then, the washing nozzle 8a is shifted such that it is 
located over the semiconductor device 2 mounted on the mount 
base 51d. At that time , since the pump 11 stops, the storage 
container 6 is vacant aid therefore the conductive liquid does 
not flow out of the nozzles 7a and 8a. 

Then, the semiconductor device 2 mounted on the mount base 
51d is rotated by drivirig the motor 51a- Further, by operating 

3ed, conductive liquid retained xn the 
flexible circulation pipe 5 is supplied 



the pump 11 at a low sp 
transfer bath 1 and the 



to the storage container 6. Then, conductive liquid is ejected 



from the washing nozzle 
on the center portion 



8a through the washing pipe 8 and falls 
of the semiconductor device 2 being 
rotated. The conductive liquid fallen on the semiconductor 
20 device 2 enters the respective holes 44 while moving in the 
circumference direction by the centrifugal force of the 

further passing through a relief groove 
(not shown) and then falling into the transfer bath 1 . Thereby, 
gas in the hole 4 4 is removed. When a certain time (a time needed 
25 to wash the semiconductc r device 2) elapses, the washing nozzle 
8a is retracted. 

Then, by operatiKg the pump 11 at a high speed, zhe 
microsphere 47 retained in the transfer bath 1 and circulation 
pipe 5 is supplied to the storage container 6 together with 
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conducrive Liquid. Thereby, the microsphere 47 and conductive 
liquid is ejected thijough the ejection pipe 7 from the 
microsphere supplying nozzle 7a, and falls on the center portion 
of the semiconductor device 2 being rotated. The microsphere 
47 fallen thereon enteis the hole 44 while being moved in the 
circumference direction by the centrifugal force of the 
semiconductor device 2, and the rest of microsphere 47 and 
conductive liquid falls into the transfer bath 1. 



The microsphere 4 



the lowest portion of t 
transfer bath 1, and ori 
the storage container 
At that time, the 
that it is located over 



process is conducted 
microspheres 47 being s 



17 and conductive liquid fallen into the 
transfer bath 1 is transported, through the circulation pipe 
5 connected to the low<S5t portion of the transfer bath 1, to 
the storage container <; by the operation of pump 11- After a 
certain cime of ejecticn, the pump 11 is switched into the low 
speed operation. Therjby, of the microsphere 47 and conductive 
15 liquid fallen into the transfer bath 1, the microsphere 47 is 
retained at part of thi circulation pipe 5 being connected to 



he transfer bath 1 and at the bottom of 
ly conductive liquid is transported to 
6. 

washing nozzle 8a is shifted again such 
the center portion of the semiconductor 



device 2 mounted on the mount base 51d, and then the washing 



By the washing process, excessive 
tacked in the hole 4 4 with a microsphere 
47 already accommodated therein or being left on the surface 
of semiconductor device 2 can be removed, and the excessive 
microsphere 47 can be accommodated in another hole 44 with no 
microsphere accommoda1:ed therein yet. 

After a certain time of washing^ the pump 11 stops 
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operating. Thereby, the microsphere .47 and conductive liquid 
fallen into the transfer bath 1 is retained at part of the 
circulation pipe 5 being connected to the transfer bath 1 and 
at the bottom of transfer bath 1, and the transportation of 
5 conductive liquid to the storage container S is stopped- At 
the time of stopping, fconductive liquid left in the storage 
container 6 falls through the nozzles 7a and Ba and thereby the 
storage container 6 becomes vacant. At the end, the 
semiconductor device 2 with the microsphere 47 arranged thereon 
10 is released from the mount base old. 

By repeating such operations, the microsphere 47 can be 
stably arranged while using, in the air, the microsphere 47 and 
conductive liquid repeatedly. 

Alternatively, -by using a microsphere arranging 
15 apparatus with a like = construction as shown in FIG. 13, the 
microsphere 47 may be, in the conductive liquid, arranged onto 
the arrangement hole 44 of semiconductor device 2 . Namely, this 
liquid flow-down type arrangement method to arrange the 
microsphere 47 onto the semiconductor device 2 is conducted such 
20 that, without using the arrangement pallet, the microsphere 47 
is directly arranged on the pad 42 by pouring the microsphere 
47 together with the conductive liquid while rotating, by the 
motor 51a, i-n the conduct,ive liquid of transfer bath 1, the 
semiconductor device 2 mounted on the mount base 51d being 

23 horizontally disposed, 

In this case, the microsphere 47 is, in the conductive 
liquid, ejected together with the conductive liquid from the 
microsphere supplying nozzle 7a, falling on the center portion 
of the semiconductor device 2 being rotated, accommodated in 



I 



i 
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the hole 44 while being 



However/ by using, 



moved in the -circumference direction 



by the centrifugal force of semiconductor device 2 



e.g., a mechanism to make the rotating 
shaft 51b extend and <j:ontr3ct, the semiconductor device 2 
mounted on the mount bajse 51d can be controllably located in 
the conductive liquid qr in the air, whereby the setting and 
releasing of semicondlictor device 2 can be facilitated. 
Further, the storage container 6 with a capacity greater than 
that of transfer bath 1 nay be used. In this case, while closing 
the ejection port of nojzzles 7a, 8a temporarily, by using the 
pump 11, the conductiv| liquid in the transfer bath 1 may be 
all transported to the storage container 6 or may be transported 



thereto until the mount 



base Sid is exposed to the air, in order 
to allow the setting and releasing of semiconductor device 
2. 

As described above, the microsphere arranging apparatus 
and the method of arranging microspheres with liquid in the 
fourth embodiment is bomposed such that the semiconductor 



device 2 composed of: 



the semiconductor wafer 43 with the 
20 predetermined semiconductor element and interconnection and 
with a number of pads; 42 connected the interconnection and 
attached on the surface thereof; and the resist 45 formed on 
the semiconductor wafer 43 while having the penetrating holes 
44 formed at the respjective pads 42 position to mount the 
25 microsphere 47 is roountjed on the mount base 53d that is disposed 
horizontally, and the microsphere 47 is, together with 
conductive liquid, ejected from the microsphere supplying 
nozzle 7a to the center portion of semiconductor device 2 while 
rotating the mount bas^s 51d by the rotating shaft 51b of motor 
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51a, thereby pouring tie microsphere 47 into the hole 44 of 

semiconductor device 2 : to mount it on the pad 42. 

Thus, without usiijig the conventional arrangement pallet, 

the microsphere 47 canj be directly mounted on the pad 42 by 

pouring the microsphere 47 into the resist hole 44 of 

semiconductor wafer 43 i/hile transporting it together with the 

conductive liquid, ik this case, the microsphere 47 is 

accommodated in the ho lie 44 while being moved from the center 

or center portion to the circumference by the centrifugal force 

I 

of the semiconductor wifer 43 being rotated. Thus, it can be 
efficiently accommodated in the hole 44. Further, the 

j 

conventional processes pf accommodating the microspheres in the 
arrangement pallet and then transferring them to the resist hole 
4 4 of semiconductor devlice 2 are not needed. Accordingly, the 

15 microsphere 47 can be; efficiently mounted on the pad 42- 
Further, the semiconductor device 2 is rotated even when it is 
washed and, therefore, the washing effect can be enhanced since 
the conductive liquid [falling from the washing nozzle 8a is 
moved by the centrifugal force of semiconductor device 2. 

20 [Fifth preferred enbodi^entl 

riG-14 shows t he j composition of a microsphere arranging 
apparatus in the fifth preferred embodiment of the invention. 
The microsphere arranging apparatus as shown in FIG. 14 

is different from the miicrosphere arranging apparatus in FIG. 9 

i 

25 in that, instead of thb rotary mounting unit S3, a mount base 
70 for the semiconductjor device 2 and an oscillating unit 71 
to oscillate the microjsphere supplying nozzle 7a are built in 
the transfer bath 1. I;n FIG, 14, the pump 11, storage container 
6, washing pip© 8 ^nd washing nozzle 8a are omitted. 
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Hereinafter, the omitted components are explained with 

I 

! 

reference to FIG. 9. i 

The mount base 70 Lp attached, in parallel, to the inclined 

i 

face of transfer bath 1- When the semiconductor device 2 is 
5 mounted thereon, the semiconductor devj.ce 2 is secured being 
inclined. 

The oscillating unit 71 is composed of: a motor 71a that 
is attached to a support member 73 fixed to a support portion 
la of transfer bath 1 through screws 72; a rotating shaft 71b 
10 of the motor 71a; a first timing pulley 71c; a nozzle oscillating 
lever 71e with one end |L-shaped; a second timing pulley Hf; 
a nozzle attaching shajft 71g; and a timing belt 71h. 

The first timing pulley 71c is attached through a screw 
7 2d to the support member 7 3 while having the rotating shaft 

i 

15 71b inserted through ijts penetrating hole. Thus, the first 
timing pulley 7lc is attached to the support member 73 so as 
not to prevent the rotjation of the rotating shaft 71b. 

The end of the rotating shaft 71b is securely fixed to 
the end of the nozzle oscillating lever 71e . The lever 71e has 
20 a penetrating hole fortAed at its L-shaped edge, and the nozzle 
attaching shaft 71g ; is rotatably inserted through the 
penetrating hole. Tt^e nozzle attaching shaft 71g has a 
microsphere supplying nozzle 7a attached at its top end. The 
second timing pulley Tljlf is attached to the lower end of the 
25 nozzle attaching shaft! 71g projecting a predetermined length 
from the L-shaped edge, |and secured thereto by a nut 71i. Namely, 
the microsphere supplying nozzle 7a and the second timing pulley 
71f are fixed to the no]z:zle attaching shaft 71g, but the nozzle 
attaching shaft 71g is rotatably attached to the L-shaped edge 



200417^38 18m0i> HiRATA&PARTNERS NO. 3548 ?. 5/38 

55 



1 

of nozzle oscillating Ijever 71e, 

The first timing pulley '71c and the second timing pulley 
71f are connected through the timing belt 7lh. 

The rotating shaft 71b of motor 71a oscillates in a 
5 predetermined section qf rotation angle. As shown in TIG, 15, 
the microsphere suppiyijng nozzle 7a, like an arc, oscillates, 
as shown by arrows Y4Jy5, from one end to the other end of 
semiconductor device 2 over the semiconductor device 2 disposed 
on the mount base 7Q w^ile being inclined. 
10 In this case, when the nozzle oscillating lever 71e is 

rotated in a direction ^hown by the arrow Y4 together with the 
rotating shaft 71b, tie second timing pulley 71f that is 
connected through the timing belt 71h to the first timing pulley 
71c fixed to the support member 73 is rotated in the reverse 
15 direction to the rotatiilg shaft 71b by the same angle • Thereby, 
the microsphere suppl^^ing nozzle 7a attached to the second 
timing pulley 71f through the nozzle. attaching shaft 71g is 
shifted while facing | always downward without having its 
direction changed asj shown. Although the microsphere 
20 supplying nozzle 7a is Shifted as described above, the washing 
nozzle 8a is shifted likewise because the washing nozzle 8a is 
also attached to the nozzle attaching shaft 71g. Meanwhile, 
the washing nozzle 8a to! be attached is omitted from the figures. 

Next, the proces^ of arranging, in the air, microspheres 

! 

25 47 into the arrangement; holes 44 of semiconductor device 2 will 
be explained, where thejmethod of arranging microspheres 47 with 
liquid using the ; microsphere arranging apparatus 
abovementioned is applied. 

At first, the seiniconductor device 2 with no microsphere 



'2004$ 88 HlRATA&PARfNERS 



NO. 3548 P. 7/38 



56 



47 mounted is mounted in the mount base 70 that is disposed 
Inclined inside (at the! in-ait position of) the transfer bath 

! 

The washing nozzlp 8a is shifted such that it is located 
5 over the semiconductor jdevice 2 mounted on the mount base 70. 
At that time, since the pump li stops, the storage container 
6 is vacant and therefore the conductive liquid does not flow 
out of the nozzles 7a pnd 8a. 

Then, the nozzlesj 7a and 8a are oscillated by driving the 
10 motor 71a. Further, operating the pump 11 at a low speed, 
conductive liquid retained in the transfer bath 1 and the 
flexible circulation piU 5 is supplied to the storage container 
6. Then, conductive liquid is ejected from the oscillated 
washing nozzle 8a throJgh the washing pipe 8, and is flown down 
15 from one end to the otf^er end of the semiconductor device 2. 
Thereby, conductive li<^uid enters the respective holes 44 while 
moving from one and to tihe other end of the semiconductor device 
2, further passing thrdugh a relief groove (not shown) and then 
falling into the transfer bath 1- Thereby, gas in the hole 44 
20 is removed. When a certain time (a time needed to wash the 
semiconductor device j2) elapses, the washing nozzle 8a is 
retracted or closed at its ejection port. 

Then, by operatiing the pump ii at a high speed, the 
microsphere 47 retained in the transfer bath 1 and circulation 
25 pipe 5 is supplied toj the storage container 6 together with 
conductive liquid. Thereby, the microsphere 47 and conductive 
liquid is ejected tirough the ejection pipe 7 from the 
oscillated microspherl supplying nozzle 7a, and flown down from 
one end to the other enc^ of the semiconductor device 2 . Thereby , 
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the microsphere 47 faliefi thereon enters the hole 44 while being 
moved from one end to thfe other end of the semiconductor device 
2, and the rest of micrisphere 47 and conductive liquid falls 
into the transfer bathjl. 

The microsphere 4j7 and conductive liquid fallen into the 
transfer bath 1 is trar|sported, through the circulation pipe 
5 connected to the lowest portion of the transfer bath 1, to 
the storage container 6 by the operation of pump 11. After a 
certain time of ejection, the pump 11 is switched into the low 
speed operation. There|by, of the microsphere 47 and conductive 
liquid fallen into the jtransfer bath 1, the microsphere 47 is 
retained at part of thJ circulation pipe 5 being connected to 
the lowest portion of tjhe transfer bath 1 and at the bottom of 
transfer bath 1, and only conductive liquid Is transported to 
15 the storage container ;6. 

Then, the washing process is conducted by using the 
washing nozzle 8a. j By the washing process, excessive 
microspheres 47 being packed in the hole 44 with a microsphere 
47 already accommodated therein or being Isft on the surface 
of semiconductor device 2 can be removed, and the excessive 
microsphere 47 can be ^iccommodated in another hole 4 4 with no 

i 

microsphere accommodated therein yet. 

After a certainj time of washing, the pump 11 stops 
operating. Thereby, t^e microsphere 47 and conductive liquid 
fallen into the transfer bath 1 is retained at part of the 
circulation pipe 5 being connected to the transfer bath 1 and 
at the bottom of transfer bath 1, and the transportation of 
conductive liquid to ^he storage container 6 is stopped. At 
the time of stopping, conductive liquid left in the storage 
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concainer 6 falls through the nozzles -73 and 8a and thereby the 
storage container 6 jaecomes vacant. At the end, the 
semiconductor device 2 wlith the microsphere 47 arranged thereon 
is released from the m<punt base 70. 

operations, the microsphere 47 can be 



5 By repeating such 

stably arranged while u^ing, in the air, the microsphere 47 and 
conductive liquid repeatedly. 

Alternatively, iy using a microsphere arranging 
apparatus (not shown) wi'th a like construction, the microsphere 
10 47 may be, in the cLductive liquid, arranged onto the 
arrangement hole 44 of j semiconductor device 2. In this case, 
the microsphere 47 isj, in the conductive liquid, ejected 
together with the coijductive liquid from the microsphere 
supplying nozzle 7a, flown down from one end to the other end 
15 of the semiconductor dUice 2, accommodated m the hole 44- 
As described abo-uje, the microsphere arranging apparatus 
and the method of arrajngo-ng microspheres with liquid in the 
fifth embodiment is comj^osed such that the semiconductor device 
2 composed of: the semiconductor wafer 4 3 with the predetermined 
20 semiconductor element and interconnection and with a nurpJoer of 
pads 42 connected thej interconnection and attached on the 
surface thereof; and the resist 4 5 formed on the semiconductor 
wafer 43 while having jthe penetrating holes 44 formed at the 
respective pads 42 position to mount the microsphere 47 is 
25 mounted on the mount base 70 that is disposed inclined, and the 
microsphere 47 is ejected, together with conductive liquid, 
ejected from the microsphere supplying nozzle 7a while 
oscillating the microsphere supplying nozzle 7a from one end 
to the other end of semiconductor device 2 over the 
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semiconductor device 2, thereby pouring the microsphere 47 
into the hole 4 4 of semiconductor device 2 to mount it on the 
pad 42. 

Thus, without usiijig the conventional arrangement pallet, 
5 the microsphere 47 can| be directly mounted on the pad 42 by 
pouring the raicrosphejre 47 into the resist hole 44 of 
semiconductor wafer 43 j/hile transporting it together with the 
conductive liquid, Ih this case, the microsphere 47 is 
accommodated in the hoie 44 while being moved from one end to 
10 the other end of semiconciuctor device 2 together with conductive 
liquid. Thus, it can bje efficiently accommodated in the hole 
44. Further/ the conventional processes of accommodating the 

microspheres in the arirangement pallet and then transferring 

I 

them to the resist hol^ 4 4 of semiconductor device 2 are not 
15 needed. Accordingly, jtha microsphere 47 can be efficiently 
mounted on the pad 42.! Furthei', even when the semiconductor 
device 2 is washed, th^ washing effect can be enhanced since 
the conductive liquid jflows down the semiconductor device 2 

while being oscillated from one end to the other end of 

i 

20 semiconductor device 2. 

! 

[Sixth preferred embodiment] 

FIG. 16 shows theicomposition of a microsphere arranging 
apparatus in the sixth jpref erred embodiment of the invention. 

A liquid f lowdown type arrangement method to arrange the 

2S microsphere 47 onto tHe semiconductor device 2 by using the 

microsphere arranging j apparatus in the sixth embodiment as 

shown in FIG. 16 will be Explained below. The storage container 

6 can be moved upwarcj and downward by a storage container 

vertical movement meanjs 81. The storage container 6 is lifted 

i 
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by operating the storage container vertical movement means 81 



such that the storage 
transfer bath 1. At 



container 6 becomes higher than the 
that time, the microsphere 47 and 
conductive liquid acconmodated in the storage container 6 are 
ejected from ths microsphere supplying nozzle 9 through the 

g on the semiconductor device 2 in the 
conductive liquid, pirt of microspheres 47 fallen on the 
semiconductor device 2 is accommodated in the hole 4 4 and the 
rest of microsphere 47 and conductive liquid falls into the 



10 semiconductor device 2 
The transfer bath 
The transfer bath 1 and 



1 is supported by a support portion 82. 
mount base 53d can be angle-controlled 
by the support portion 82. When the microsphere 47 is 
transferred into the hbie 44 while making the microsphere 47 

flow down the semiconductor device 2 
mounted on the mount ba^e 53d, the transfer bath 1 is preferably 
conwrolled to have a qui table angle. 

Further, the moujit base 53d can be rotated by a rotating 
means 83. The semico^^ductor device 2 can be rotated at a 
suitable speed when the^ microsphere 47 is transferred into the 
hole 44 while making the microsphere 47 and conductive liquid 
flow down the semiconductor device 2 mounted on the mount base 
53d, Thereby, the microsphere 47 can be efficiently 
transferred into the hole 44 and excessive microspheres 47 can 
be desirably fallen on the bottom of transfer bath 1. 

ethanol is used as the conductive liquid 
r ball with a diameter of 100 urn is used 
as the microsphere, thi arrangement can be more efficient while 
using a combination of kn inclination angle and a rotation speed 



In the case that: 
and SnPb eutectic sold€ 



I 
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I 
i 

as shown in FIG. 9. If a suitable ang-le and rotation speed is 
given, liquid flow is generated in conductive liquid retained 

in the transfer bath 1 d^ie to the rotation of the semiconductor 

i 

device 2 and mount basje 53d- Due to this liquid flow, the 
microsphere 47 is ef f icilently moved on the semiconductor device 
2. In this case, it is; more effective that an agitator 84 is 

i 

provided with the mount" base 53d to generate the liquid flow. 

i 

The agitator may be shaped like a protrusion or a netted plate 
structure to surround tihe semiconductor device 2 . The netted 

since the semiconductor device 2 can be 



I 



10 structure is preferred 
easily taken out. 

The microsphere 4p falling on the bottom of transfer bath 
1 is retained at part of the circulation pipe 5 connected to 

the bottom of the transfer bath 1 and at the bottom of the 

} 

15 transfer bath 1- j 

When the storage jcontainer 6 descends to a predetermined 
lower position after t^e microsphere 47 and conductive liquid 

i 

accommodated in the stdrage container 6 are all ejected to the 
transfer bath I, the imicrosphere 47 and conductive liquid 

20 retained at part of thje circulation pipe 5 and at the bottom 
of the transfer bath 1 flow through the circulation pipe 5 into 
the storage container j 6 together with conductive liquid. 

The mount base 53d and semiconductor device 2 may be placed 
such that they are, as Whown in FIG. 17, not soaked in conductive 

25 liquid retained in the iransf er bath 1, and then the microsphere 

47 may be transferred into the hole 4 4 while making the 

microsphere 4? and corjductive liquid fall thereon. Further, 

the mount base 53d and semiconductor device 2 may be not provided 

i 

with an inclination in the transferring- 



10 



20 
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The microsphere arranging apparatus and the method of 
arranging microspheres 4ith liquid in the sixth embodiment thus 
composed can have the same effects as the first embodiment. 
[Seventh preferred enbpdijaen't] 

Referring to FIG^.18, 19, 20 and 21, various shapes of 
resist hole will be detailed. 

FIGS. 18 and 19 are plain views showing the shapes of a 
penetrating hole to moukt the microsphere formed in the resist 
of semiconductor device in the seventh embodiment of the 
invention. FIG- 21 i^ a cross sectional view showing a 
penetrating hole to mou'pt the microsphere formed in the resist 
of semiconductor devipe in the seventh embodiment of the 



j 

invention. | 



In accommodating] in the liquid, the microsphere 47 into 
15 the resist hole 44, thje microsphere 47 becomes difficult to 
accommodate thereinto because of having an obstruction such as 
air or gas therein due to the microscopic hole 44. Further, 
since the conductive ! liquid used in the transferring of 
microsphere 47 becomes junnecessary after the microsphere 47 is 
transferred into the jcesist hole 44. Therefore, after the 
transferring is completed, it is preferred that the conductive 
liquid left on the rejsist hole 4 4 and semiconductor device. 
2 is removed as much possible. Thus, a relief groove for 

gas or liquid needs tq be formed connected to the hole 44 as 

1 

25 described earlier. j 

The relief groovfe can be formed by, for example, etching 
the resist 45. Furtjher, it can be formed by using the 
photolithography techjiique such as exposure and development 
While using a photosenfeitive resist. Further, the hole can be 
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formed by using a lase|r processing machine or a mechanical 
processing machine. The laser processing machine is preferred 
because, when an absorption agent according to the wavelength 
of laser used is added the resist material, the processing 
5 accuracy can be enhanced and the processing can be conducted 
without giving a therma:^ damage on the surface of semiconductor 

wafer 4 3 or pad 42, 

When the relief groove 49 is, as shown in FIG. 18 (a); 

i 

formed to accord with a direction Y6 of liquid flow, gas such 
10 as air can becomes easy to remove in flowing conductive liquid. 
Although if the relief groove 49 has a greater width 1 the gas 
or liquid will be easy to remove, it should have such a size 
that a microsphere 47 cjnce accommodated in the hole 44 is not 
released. The multiple relief grooves may be provided. If 
15 they are, as shown in iFIG.18 (b) , disposed at an angle 8 to 
the direction Y6 of liquid flow, the releasing of microsphere 
47 once accommodated cpn be prevented. The angle 0 may be 0 
to 90 degrees and prefjerably 30 to 60 degrees. Although the 
above example is illustrated with the relief grooves formed in 
20 two directions, they may be formed in three or more directions. 
The multiple relief grooves 4 9 may be formed in one direction. 

Further, the resist hole 44. may be rectangular as shown 
in FIG. 19 (a) . As compiired to the circular hole, the efficiency 
of microsphere 47 to tje accommodated into the hole 44 can be 
25 enhanced when flowing tihe liquid in a certain direction. Also, 
the gas or liquid canjbe removed easier since its corner 48 
functions as a groove |49. As shown in FIG. 19 (b) , the relief 
groove 49 may be fornled such that neighboring holes 44 are 
connected. Further, ^s shown in FIG. 19 (c) , the relief groove 
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<J9 msy be formed at an angle 6 to the direction Y6 of liquid 
flow. The angle 0 may be 0 to 90 degrees and preferably 30 to 
60 degrees. 

If the microsphere 47 is accommodated into the resist hole 
44 while rotating the mount base 53d by the rotating means 8 3 
as described in the sixth embodiment, the direction of liquid 
flow varies to the semiconductor device 2, Thus, when the 
liquid flow-down type arrangement method is conducted using the 
rotating means, the relief groove 49 is desirably formed such 
that, as shown in FIG- 20, it defines radial directions Y7 to 
the hole 44. 

Although the resist hole 44 may have, in cross section, 
a perpendicular wall to the surface of semiconductor wafer 4 3 
as shown in FIG. 4, it may be, as shown in FIG. 21, formed tapered 

15 such that the semiconductor wafer 43 side is wider than the 
surface side of resist 45. Thereby, a microsphere 47 once 
accommodated therein can be prevented from being released. 
Such a form can be made by adjusting the conditions of exposure 
or development or adjusting the focusing in exposure when 

20 forming the resist hole 44 by using the photolithography 
technique on the resist. Further, it may be made by the laser 
processing while controlling the angle to irradiate laser 
light. 

The above resist hole and relief groove can be applied 
25 to the microsphere arranging apparatus and the method of 
arranging microspheres with liquid m the first to sixth 
embodiments. Thereby, the microsphere can be arranged while 
facilitating the removing of gas or liquid and preventing the 
microsphere once accommodated therein from being released. 
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[Eigh'th preferred enxbodixaent] 

FIG. 22 shows the ::omposit:ion of a microsphere arranging 
apparatus in the eighth|pref erred embodiment of the invention. 
The microsphere arranging apparatus as shown in FIG. 22 
5 has the same mechanism ^s the microsphere arranging apparatus 
in the first embodiment as shown in FIG.l- However, the 
semiconductor device 2 mounted on the mount base 3 does not have 
the resist 45 with the h<|le 44 for accommodating the microsphere 
47 and, instead, a }nask 46 is provided. Namely, the 

10 semiconductor wafer 4 3|is mounted on the mount base 3, and the 

j 

mask 46 is placed that jhas penetrating holes 44 for disposing 
the microsphere 47 at j the position of pad 42 formed on the 
semiconductor wafer 4 3j. 

FIG, 23 is a crosjs sectional view showing a positional 

15 relationship among tbej semiconductor wafer 43 mounted on the 
mount base, the pad 42 ion the semiconductor wafer 43, and the 
hole 4 4 formed in the mask 4 6 to mount the microsphere 47. The 
mask 4 6 has the hole 44 to accommodating the microsphere 47 like 
that in the resist expliiined in the first embodiment or seventh 

20 embodiment. The hole M is disposed at such a position that 

the microsphere 47 can lie mounted on the pad 42 . Also, a holding 

i 

member is provided th4t defines a relief gap Y9 between the 
semiconductor wafer 43 and the mask 46. In flowing the 
conductive liquid, the gas such as air or liquid can be removed 
25 through the relief gap Y9, and therefore the microsphere 47 can 
be easily accommodated. 

The length t of jrelief gap Y9 is preferably to satisfy 
the condition: j 
t^l/2dinin i 



2004$ 8B mm HIRATA&PARTNEF.S NO. 3548 P. ! 7/33 

I 

! 66 
j 

i 

> 
I 

Where the diameter of microsphere used is d, the accuracy of 
microsphere diameter d iis ± a micron^ therefore the minimum 
diameter of microsphere; dn\in-d- a and the maximum diameter of 
microsphere dmax ==d+ ot . 
5 It is further preferable to satisfy: 

l/4dmin^ t ^ l/2dmin 

Also, the thickness T of mask 46 is preferably to satisfy 
the condition: 

l/2dmax< T+t ^dmlin 

10 The mask 46 may b^ made by etching, laser-processing or 

mechanically processing a metal plate such as stainless plate, 
copper plate and alumjLnam plate. It may be made by the 
electroformmg of nickel or copper. Further, a silicon mask 
is available. For example, the mask 4 6 may be of silicon. The 

15 mask 4 6 of silicon is advantageous because a displacement from 
the pad 42 can be prevented in forming a bump by fusing the 
microsphere later due tio the coincidence in thermal expansion 
coefficient between th^ semiconductor device 2 and the mask. 
The mask 46 can be made by a mechanical processing such as laser 

20 processing or drilling or by etching. The anisotropic etching 
is preferred because of i its advanced processing. For example, 
when a square pyramiA with (ill) orientation is made by 
conducting the anisotropic etching on a silicon wafer with (100) 
face on its surface, tide fine processing can be performed. A 

25 penetrating hole can be formed by conducting the anisotropic 
etching on one side of | silicon wafer or by etching both sides 
thereof. It is preferable to etch both sides thereof in order 
to control the sectionlal form of penetrating hole to prevent 
the microsphere from oeing released. 
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In the case of usijng a metallic mask 46, a resin material 
etc- may be coated therejon since it may contact the microsphere 
47 and thereby cause damage thereto. Also, it may be formed 
by photolithography using a photosensitive resin, A resin 
5 material with photosensitive group such as photosensitive 
polyimide, photosensitive fluorene resin and photosensitive 
acrylic resin may be usisd. Especially, a resin with rigidity 
such as photosensitive; acrylic resin is desirable. 

FIG. 24 is a cross jsectional view showing a relief groove 
10 formed in the mask. As | shown, the relief groove 49 is formed 
on only the semiconductcir wafer 43 side without penetrating the 
mask 46, and thereby tWe gas or liquid can be removed easily. 
The mask 46 thus structured may be formed by conducting the 

electroforming of two oi? more stages , Further, it may be formed 

I 

15 by half-etching, laseij processing or mechanical processing 
after a mask is made by the abovementioned method. 

Further, as shown|in FIG. 24 (c) , a bank 50 may be provided 
upstream of the pad 42 iri a direction YB of liquid flow. Thereby, 

i 

the microsphere 4 7 once accommodated can be prevented from being 
20 released. j 

Further, as showrji in FIG. 24 (c) , a relief groove 49 may 
be formed upstream of the hole 44 in the direction Y8 of liquid 

flow and on the surfjace side of mask 46. Thereby, the 

] 

microsphere 47 and conductive liquid can flow down smoothly. 
25 The hole 44 of mask 46 |may be rectangular or tapered like the 
hole 44 of resist 45 a{s described earlier. 

The microsphere [arranging apparatus and the method of 
arranging microspheres! with liquid in the eighth embodiment 
thus composed can have the same effects as the first embodiment . 
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[Ninth preferred embodimen't] 

FIG. 25 shows the (Composition of a microsphere arranging 
apparatus in the ninth E|>ref erred embodiment: of the invention. 

The microsphere arranging apparatus as shown in FIG. 25 
has the same mechanism as the microsphere arranging apparatus 
in the third embodiment as shown in FIG. 9. However, the 
semiconductor device 2 jnaounted on the mount base 53d does not 
have the resist 45 with the hole 4 4 for accommodating the 
microsphere 47 and, instead, a mask 46 is provided^ The 
composition on the mouijit base 53d is the same as that in the 
eighth embodiment as esiplained with reference to FIGS. 2 3 and 



10 



t 

24, ! 



Therefore, the microsphere arranging apparatus and the 
method of arranging microspheres with liquid in the ninth 
15 embodiment thus composed can have the same effects as the above 
eighth embodiment. j 

Furthermore, when the composition that the mask 46 of the 
microsphere arranging 'apparatus in the ninth embodiment is 
provided on the semicjonductor wafer 43 is applied to the 
20 microsphere arranging! apparatus in the fourth to sixth 
embodiments, the same jeffects can be obtained- 
[ Tenth preferred embodiment] 

In the first to ^ixth and eighth and ninth embodiments, 
an oscillating means | to oscillate the mount base may be 
25 incorporated. Thereby, the microsphere 47 can be faster 
accommodated into the jhole 4 4 of semiconductor device 2, and 
the operating efficiency can be enhanced and the manufacturing 
cost can be reduced. 

The oscillating ineans is, for example, a piezoelectric 
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20 



25 



element to be provided pn the back fa-ce as shown in fIG.26 or 
side face of the mount jbase 53d. The oscillation is applied 
desirably in a horizontal direction YIO to the semiconductor 
device 2 because the microsphere 4 7 once accommodated may be 
released if the oscillaiion is applied in a vertical direction 
to the semiconductor device 2, further, when a traveling wave 
is generated heading td one direction or directions from the 
center to the circumf ejrence of semiconductor device 2, the 
microsphere 47 can be faster accommodated in the hole 44 of 
semiconductor device 2,j Thereby, the operating efficiency can 
be enhanced. i 

In the first to tenth embodiments, the microsphere 47 is 
a solder ball. The solder ball may be a ball consisting of 



solder, a plastic core 



covered with solder, a gold ball or a 
copper ball with silver plating, or various conductive 
micro-balls • 

Although in all of the above embodiments the 
semiconductor wafer 43 "is circular, it may be rectangular etc. 
Even in such a case, the same effects can be obtained. 

Although the microsphere 47 is supplied into the resist 
45 or mask 4 6 on thej semiconductor wafer 43 therein, the 
semiconductor wafer 43 may be replaced by a wiring board, a 
semiconductor chip eti. Such a modified embodiment is also 
included in the technical scope of the invention. 

Industxial Applicability 

As described above, according to nhe invention, a method 

of arranging microspheres with liquid comprises the steps of: 

I 

providing a s4T^iconductor device that includes a 
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semiconductor wafer with a predetermiaed semiconductor element 
and an interconnection 4nd with a number of pads connected the 
interconnection and attached on a surface of the semiconductor 

i 

wafer, and a resist formed on the semiconductor wafer and having 
5 a penetrating hole formjed at the respective pad positions to 
mount the microsphere; and 

pouring the microsphere into the hole together with 

5 

conductive liquid to miunt the microsphere on the pad. 

i 

Further, according to the invention, a method of 
10 arranging microspheres i with liquid comprises the steps of: 
providing a seniiconductor device that includes a 
semiconductor wafer wit^ a predetermined semiconductor element 
and an interconnection ^nd with a number of pads connected -the 
interconnection and attsached on a surface of the semiconductor 
15 wafer, and a mask witjh a penetrating hole formed at the 
respective pad positions to mount the microsphere, the mask 
being held on the semicdnductor device to allow the hole to be 
disposed on the pad; apd 

pouring the microsphere into the hole together with 

j 

20 conductive liquid to mbunt the microsphere on the pad. 

Thereby, withoutj using the conventional arrangement 
pallet, the microsphere can be directly mounted on the pad by 
pouring the microsphere into the resist hole of semiconductor 
wafer while transportinjg it together with the conductive liquid. 

i 

25 Accordingly, the convehtional processes of acconuuodating the 
microspheres in the arrangement pallet and then transferring 
them to the resist holelof semiconductor device are not needed^ 
Therefore, the manufacturing cost can be reduced and the step 
of transferring the microsphere to the hole of semiconductor 
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device in the bump electrode forming process can be simplified. 

Further, by mounting the semiconductor device on the 
mounting means whose inclination angle can be varied and by 
supplying the microsphete together with the conductive liquid 
5 stored in the storing n^eans to the semiconductor device, the 
microsphere can be acc<i>mmodated in the hole arranged in the 
semiconductor device or |in the hole arranged in the mask mounted 
on the semiconductor device. The conductive liquid containing 
the microsphere not accji^mmodated is retained by the retaining 
10 means and the conductive liquid containing the microsphere 



retained is transported 



to the storing means by the pump means. 



Therefore, the conductive liquid and microsphere can be 

recycled without being! wasted. 

I 

Further, in the dbove semiconductor device, the resist 
IS or the combination of mask and relief gap has a thickness that 
allows the microsphere jto be retained in the hole and prevents 
the two or more microspheres from being entered therein, and 
a minimum diameter o^ the hole to be generated due to a 
manufacture accuracy of the hole is made to be greater than a 
20 value obtained by addipng a gap to a maximum diameter of the 
microsphere, and a majfimum diameter of the hole is made to 
prevent the two or mor^ microspheres from being entered into 
the one hole and prevent the microsphere from being released 

from the pad. Therefore, the microsphere can be properly 

I 

25 mounted on the pad. j 

Further, the grc^ove that allows the gas or conductive 

liquid to be removed without being retained in the hole when 

I 

accommodating the micrbsphere in the hole is connected to the 

I 

hole. Therefore, the microsphere can be smoothly and properly 
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accommodated, and the njicrosphere can be properly mounted on 
the pad. ; 

i 

Further, v^ith the semiconductor device that 
includes a semiconddctor wafer with a predetermined 

} 
I 

semiconductor element and an interconnection and with a number 

I 

of pads connected the in:terconnection and attached on a surface 
of the semiconductor iwafer^ and a resist formed on the 



semiconductor wafer and 
respective pad positl 



having a penetrating hole formed at the 
ons to mount the microsphere, the 
10 microsphere is poured into the hole together with conductive 
liquid while rotating the semiconductor device to mount the 
microsphere on the pad- Therefore, the microsphere can be 
efficiently mounted onj the pad of the semiconductor device. 
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